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G.K.N’s NEW DIE CAST WING NUT 
light, smooth, 
neat and rustproof 


A new wing nut with big possibilities 

. die cast in zinc alloy, it keeps 

the useful features of the familiar 

steel wing nut’s smoothness, accuracy, 

durability, plus recessed finger grip. 

G.K.N.’s new wing-nut is made 

to close tolerances, and is of uniform 

quality with accurate clean-cut 

threads. The rust-proof alloy takes 

any commercial finish required. Jobs that are ‘made 

for it’ include : lamps, collapsible tables, baby carriages, play pens and cots, 
automobile accessories, battery boxes, hand tools, household appliances 


racquet presses ... any use in fact, where a hand tightened nut is an advantage. 


y 


Available sizes are Whit: 4, +, 4 and 4, BSF 14; 6BA, 4BA, 2BA, and OBA. * 


i? 
If it’s a matter of how to fasten 
one thing to another—get in touch with. d 


GUEST KEEN & NETTLEF ‘OLDS 
Screw Division, Box ‘ 














operat 


Extract f 








The illustration shows pressure die cast com- 
ponents for Servis Recorders. Our customer 
says, We have been using your aluminium 
pressure castings for upwards of twenty years 
and we have found nothing to surpass them in 
regularity of finish. Our instruments are in 
use in all parts of the world and we have never 
yet hada single complaint regarding the parts 
you make for us. We have also come to 
appreciate and to rely on your Drawing Office 
and Design Staff, who have always been most 
helpful in the development of new types, and 
we look forward to. continuing our co- 
operation with you for many years to come.” 


Extract from letter received trom Servis Recorders, Gloucester, 











RMINGHAM ALUMINIUM CASTING (1903) CO LTD 
RMID WORKS - SMETHWICK - BIRMINGHAM 40 
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17 in. SWING 
‘JUNIOR’ 
SURFACING& BORING 
LATHE 


FOR ‘ONE OFF’ OR BATCH 
PRODUCTION—AN IDEAL 
LATHE IN EITHER CASE 


Twelve speeds; Hardened 
nickel-chrome gears; Patent 
preloaded spherical roller bear- 
ing for spindie; Quick release 
chuck; Protected bed, 200 
Brinell; Six feeds; Convenient 
controls ; Simple tooling. 


cara ih wan SONS LTD 
ASSOCIATED BRITISH MACHINE e 


TOOL MAKERS LIMITED 
17 GROSVENOR GARDENS SW. JOHNSTONE NEAR on ay: memen || 
Phone JOHNSTONE 400 
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SELLY OAK 
TELEPHONE 








No. 7 COMBINATION 
TURRET. LATHE 


Capacity : 23 in. dia. hole through spindle, 


16 in: dia. swing over stainless 
steel bed covers. 


Spindle: Mounted in ball and roller 


bearings. 


Powerful metal-to-metal cone clutches 


transmit power through ground 
gears. 


Ward machines are designed and built 
to get the best out of tungsten carbide, 
their meta! removing capacity being 
limited only by the cutting tools used. 


H.W.WARD &CO.LTD 


jm, BIRMINGHAM 29 
©) 


SELLY OAK 113! 


JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS 


AGSS6 


2 Churchill 


The Churchill 6in. swing plain grinder has a reputation for 
accuracy and high output. The latest Model AW as 
illustrated—built in two sizes, 6in. x I8in. and 6in. x 34in.— 
can be supplied as a non-automatic or fully automatic plain 
grinder. Full details on application. 


THE CHURCHILL MACHINE TOOL CO., LTD. 
BROADHEATH MANCHESTER 


Export Sales Organisations Associated British Machine Too! Makers Limited, London, Branches and, Agents 
Home Selling Agents: Charles Churchill & Co. Limited, Birmingham and Branches 


PRECISION plas PRODUCTION 
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‘‘Newallastic” bolts and studs have qualities which 
are absolutely unique. They have been tested 
by every known device, and have been proved 
to be stronger and more resistant to fatigue 
than bolts or studs made by the usual method. 


CP Masel 


POSSILPARKR GLASGOW: N 
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Gn dex Automatic ‘Machine Cr Lid om. 


capacities 
REDDITCH, WORCESTERSHIRE. 


ACENTS THROUGHOUT THE WORLD 


Among several innovations to the design which increase even more its 
productive capacity and versatility, is a 4Speed Gearbox enabling a speed 
ten times in excess of that used for threading, to be applied for turning, 
drilling, etc. The capacity of the machines now in production can be 
increased by the use of an Index Outside Feeding Attachment. Detailed 
literature will be gladly supplied. 


SOLE AGENTS IN GREAT BRITAIN 


BURTON, GRIFFITHS & CO. LTD., 


MARSTON GREEN, BIRMINGHAM. 


LONDON MANCHESTER NOTTINGHAM BELFAST 
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Incorporating Many New ¢ éxclusive Features. 


Change from English to Metric 
* thread-cutting by simply rotating 
the dial. 


* Third shaft control for Stop-Start 
Reverse. 


+ Apron fitted with snap action con- 
trols, all fully interlocking and 
fool-proof. 


HK 18 speeds, 27-757 r.p.m. MODEL 7°x 40 14 SWING 


* All gears in a and speed-box and 7°'x60 
run in oil-bat 


Ke 4-way Tool Pest with Pilot hole for 7 S ‘ S ‘ & S$ z . ‘ L AT bi E 


Boring Bar(standard epuipment). : 
Write for fully descriptive catalougue. Made in En g land 


CARDIFF LATHE AND TOOL WORKS LTD. 
B. ELLIOTT & CO. LTD. 


VICTORIA WORKS, WILLESDEN LONDON N.W.10 


Canadian International Trade Fair, Toronto, May 28th.—june 8th. 1951. Bcoth sites: 
3623—-3633 & 3724—3731. 





NO, 1 STATION 


Rough turn front dia 

Countersink end. 

R form for 3 
eccentric. 
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NO. 2 STATION 


Finish turn front dia 
Turn remaining un- 
formed portion. 

Taper eccentric turn. 








NO. 3 STATION 





NO. 4 STATION 


Roll form spiral oil 
groove in front dia. 








NO. 5 STATION 


Face and chamfer end 
Skim turn front dia. 
Part off and break 
down form end of bar. 


— Centre drill. 

= Finish form 4 dias., 
chamfers, and under- 
cut 























These distributor drive shafts with 7 diameters, an eccentric turned taper, and oil 


A distributor drive shaft every 44 seconds 





-ty ' 


on a WICKMAN M 


groove rolled in during the operating cycle, are coming off the Wickman automatic 
at the rate of over 70 an hour—typical Wickman production. 

The wide range of attachments which can be applied to Wickman automatics 
frequently eliminates successive machining operations, producing the completed 


part faster in a single cycle. 


When it’s a question of exploiting automatic 


production the Wickman Engineering Department can usually help. You may have just 
such a job as this which has never previously been considered for automatics, why 


not send details to A. C. Wickman Ltd. 

Remember too, all Wickman multi-spindle automati¢s 
incorporate the Wickman patent autosetting mech- 
anism whereby all tool feed strokes and bar feed can 
be set in 5 minutes or less, because there are NO 
cams to change. 

















DISTRIBU 
PRODUCE 
IN 44 SE 
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-—typical production 


MULTI-SPINDLE AUTOMATIC 


DISTRIBUTOR DRIVE SHAFT 
PRODUCED COMPLETE 
IN 44 SECONDS 
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THE ECONOMICS OF IMPROVED 
with UNBRAKO screws 
GIMTIAL © OST | Cheaper hy Comparison uth 
hexagon head types. 
Q)DESICN Saving in meatal hy the recessed head 
and overall weight reduction 
OF great texsile strength and 
toughness 


OLOLUL 7 ; 
g CE cn costs reduced by rec 
Gacceéssizusry Pe pis 
- a Socket Wrench will o¢ b 
Gasstma.y | ~ Per wont a 
Facilitated hy the 
thraad ie “y rare 


(DSTRENGTH 


SUM. of 


BRA som 
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ENGLISH ELECTRIC 


industrial motors 





Cranes handle the world’s trade 


So much depends on cranes. Dock 
cranes, yard cranes, gantries and 
simple hoists that handle the products 
of nations on their long road from 
producer to customer. The very ships 
and locomotives which are the back- 
bone of the world’s transportation 
system could not be built without 
cranes to handle frames and plates, 
boilers and machinery. 


These cranes which carry so literally 
the burden of international trade are 
only as good as their driving motors. 
In a crane motor dependability is 
vital. Ability to handle varied loads in 
intermittent operation, year in, year 
out in all climatic conditions and tem- 
peratures is fundamental to the job. 
Easy servicing and good accessibility 
are essential—a crane should never 
be out of service. 


Long experience has proved the 
ability of ‘ English Electric’ Crane 
Motors to meet all these requirements. 
They are in use throughout the world 
in the service of trade and industry. 








The ENGLISH ELECTRIC Company Limited 


QUEENS HOUSE, KINGSWAY, 
Industrial Motor Works, Bradford 
STAFFORD * PRESTON 


WORKS: 





LIVERPOOL 





w.C.2 
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DESIGNED 


TO OFFER THESE ADVANTAGES —— 


Our specialised knowledge of multi-tooling ensures the 
greatest number of cutting tools to operate in each cycle 
thus raising the hourly output to its maximum. 


PRODUCTION 





The hourly output of the MAXIMATIC is such that one 
FLOOR SPACE machine frequently will do the work of two or more 
machines of another type thus saving valuable floor space. 


High output together with low operating and maintenance 
charges enable cost per piece to be reduced to the minimum, 


It pays to install TSANG 


Capacities from 9 in. by 18 in. to I! in. by 42 in. FULLY AUTOMATIC MULTI-TOOL LATHE 


DRUMMOND BROS. LTD., GUILDFORD, ENG. 


Sales & Service for the British Isles 
DRUMMOND-ASQUITH (SALES) LIMITED 
King Edward House, New Street, BIRMINGHAM 
Phone: Midland 3431-2-3 Grams: Maxishape Birmingham 


ALSO AT LONDON AND GLASGOW 
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Compressed air power solves many problems— 
* SIMPLIFIES jigs, fixtures and machines 


* SPEEDS. Loading and unloading 
* SHORTENS . . ._.._Idle motions 
* SAVES = TIME - MANPOWER - MONEY 


A Maxam four-way valve. Small and 
compact, simple in construction and 
action. Nothing to go wrong. Note 
particularly the plastic ‘O’ rings, 
which make a perfect seal and mini- 
mise wear. . 


Two-way, three-way and four-way 
valves are available for operation by 
hand, foot, cam or solenoid; also 





remote control valves, both pressure 
and pilot operated, 


With standard Maxam valves and 
cylinders manual machines can be 
converted to automatic power opera- 
tion; processes involving large thrusts 
and complex sequences can be de- 
signed to operate at the flick ofa lever. 


Let us send you full information. 





VALVES AND CYLINDERS 


MA;AM 





THE MODERN WAY 


TO 


AIR EQUIPMENT. 
FASTER PRODUCTION 


CLIMAX ROCK DRILL & ENGINEERING WORKS LTD. 4 Broad Street Place, London, E.C.2 





TAS/CX 495 
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FAN-MAIL FROM INDIA 


The parts of this Crompton-Park inson fan regulator housing have 
to be moulded within carefully defined limits and a high finish is 
required of the external components. 

Although it represents a straightforward compression moulding job, 
details such as the ingenious design of the air vent claim attention. 
This consists of wire gauze held between two moulded plates, the 
whole being assembled as a single unit. In addition to the housing 
and control knob, there is an internal contact plate having metal 
inserts. 

These mouldings, simple in themselves, nevertheless underline 
Streetly RELIABILITY. We have been moulding them for 
Crompton-Parkinson Ltd. for 13 years, during which our customer 
has received many thousands of orders from India and the Middle 
East. During that long period our owm high standard of moulding 
and finishing and meticulous system of inspection have contributed 
significantly to our customer’s own smooth production. Even if we 
mould a small percentage of rejects (and who doesn’t), the customer 
never sees them. We weed them out, before delivery. 


STREETLY MOULDINGS 


THE STREETLY MANUFACTURING CO. LTD., STREETLY, SUTTON 
COLDFIELD, Nr. BIRMINGHAM. ’PHONE: STREETLY 78411 "GRAMS: 
BANG STREETLY. 
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mus grinding of three spur gears. 

revolution and a revelation in gear production. 

High speed, high precision multi-grinding from ine 

"solid of Spur and Helical Gears. Automatic operation. 

Prolonged grinding without redressing of wheel. 
May we send fully descriptive literature ? 


Coventry b auge 


& TOOL CO. LTD. Btn 
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INSTITUTION NOTES 
April, 1951 


CHAIRMAN OF COUNCIL’S NEW APPOINTMENT 


ANY members will have read or heard on the radio that our 

Chairman of Council, Mr. Walter C. Puckey, has been 

invited by Mr. Strauss, Minister of Supply, to assist in the 
rearmament programme. 

Mr. Puckey has, with the consent of his Board, been lent to the 
Ministry for an indefinite period and will, in his capacity of Deputy 
Controller of Supplies (Air) be particularly responsible for the new 
R.A.F. production programmes. 


COUNCIL ELECTIONS, 1951/52 


(a) In addition to Officers and Section representatives, Council 
includes twelve Elected Members (i.e., ten Members and two 
Associate Members). In accordance with Article of Association 
33(c), six of these twelve members (i.e., five Members and one 
Associate Member), shall retire each year, but they may seek 
re-election. 

(b) In accordance with Article 35, nominations are now 
invited to fill six vacancies for elected members to serve 
on Council for 1951/52 (i.e., five Members and one Associate 
Member). 

(c) Candidates for election must be nominated in writing by 
three Members or Associate Members of the Institution, 
nominations to reach Head Office not later than 23rd April, 1951. 

(d) In addition to nominations as in (c), each Section 
Committee may nominate one candidate. 

N.B.—Before nominating candidates for election, their prior 
consent should be obtained. 

The retiring Members of Council, who are willing to stand for 
re-election are as follows. 


Attendances at Council 


Possible Actual 
Mr. E. D. Broome, A.M.I.Prod.E. 8 4 
Mr. R. M. Buckle, M.1I.Prod.E. 8 5 
Mr. R. C. Fenton, M.I.Prod.E. 8 7 
Mr. H. G. Gregory, M.1I.Prod.E. 8 5 
Prof. T. U. Matthew, M.I.Prod.E. 8 2 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


The next meeting of Council will be held on 
To ee, April, 1951, at 11 a.m., at 36, Portman 
Square, London, W.1. 


AMERICAN SOCIETY OF The President of the Institution has been in 
TOOL ENGINEERS communication with Mr. H. L. Tigges, 
President of the American Society of Tool Engineers, and feels 
that members will be interested in the following paragraphs from 
a recent letter he has received : 


“TI note that you and your members from time to time have 
“‘ occasion to visit our country, and I hope that in the event of 
“* these visits, time will allow contacting our Society, and visiting 
“us in our main Headquarters Office in Detroit. 

“With our common interests, in the event of visits of your 
“members to our country, I feel it would be very constructive if 
“* we could arrange to get together to discuss mutual problems.” 

General Appleyard feels sure that any members visiting the 
United States will receive a warm welcome and much assistance 
from Mr. Tigges. 


Professor Marvin E. Mundel, Head of 
the Department of Industrial Engineering 
at Purdue University, Lafayette, Indiana, is visiting the Depart- 
ment of Engineering Production at the University of Birmingham 
under the Fulbright scheme during the next six months, and he is 
taking part in lectures and discussions during this period on the 
subject of Motion and Time Study and their Application in 
Industry. 

He has arranged to give a series of lectures to which members 
of the Institution are invited. The first of these will be held on 
25th April 1951, and will be a joint meeting of engineering 
institutions arranged by the Birmingham Section of the Institution 
of Production Engineers, on ‘‘ Recent American Developments in 
Industrial Engineering Practice.” 

This will be followed by a series of four lectures at the University 
of Birmingham, Edgbaston, on topics selected to show the applica- 
tion of new approaches to the problem of increasing productivity 
and reducing industrial costs. The titles of the lectures are :— 

1. Possibility Guides—the starting point for productivity 
studies. 

2. Process Analysis—an operating tool in productivity 
studies : (with specific reference to office procedures). 


3. Uses of motion picture techniques in productivity studies. 
4. Objective Ratings—a new time study technique. 


MOTION AND TIME STUDY 


178 








‘meyy 24) UI ‘JUspIserg UONIIg ‘aI0D We A “AL 4M ‘1S61 ‘Areniqayg ysI uo play ‘IaUUIq] UOTIEgG UOPUOT 3], 


Me 


n 
wh 
& 
2} 
Zz 
Zz 
c 
& 
b 
7) 
& 














THE INSTITUTION OF PRODUCTION ENGINEERS 

These lectures will be held on the afternoons of Fridays the 
4th, 11th, 18th, 25th May, 1951, at 4-00 p.m., and Institution 
members wishing to attend should apply to the Secretary, Depart- 
ment of Engineering Production, The University, Edgbaston, 
Birmingham, for admission tickets. 


LONDON SECTION DINNER The first social function to be held by 
the London Section since the war—a 
dinner on February 1st last—was a decided success in every way. 
Mr. William Core, Section President, was in the Chair, and 
Major-General K. C. Appleyard, President of the Institution, was 
the principal guest, the other official guests being Mr. Walter C. 
Puckey, Chairman of Council ; Mr. Harold Burke, Vice-Chairman 
of Council and President of the Birmingham Section ; the Secretary 
and the Education Officer of the Institution, Mr. W. F. S. Woodford 
and Mr. T. B. Worth ; and Mr. S. Caselton and Mr. G. E. Knight, 
senior members of the Headquarters staff. 

Speeches were interesting and entertaining, but brief. Mr. 
J. B. S. Gabriel, President of the Machine Tool Trades Association, 
proposed the toast of the Institution to which Major-General 
Appleyard responded. Mr. Burke proposed the toast of the 
London Section and Mr. Core replied. The toast of the Guests 
was proposed by Mr. A. L. Stuchbery and Mr. Puckey replied on 
their behalf. 

The evening concluded with an excellent entertainment blending 
humour with straight singing. 


GROWTH OF In response to enquiries from members following the 
MEMBERSHIP §= article on Membership Qualifications in the March 
issue of the Journal, the chart on the following page has been 
prepared showing the growth of the Institution’s membership from 
its foundation in 1921 to 1950. 


NEWS OF MEMBERS 


Mr. J. McBride, Associate Member, has been transferred to 
Hoover (Electric Motors) Ltd., Cambuslang, as Tool Investigator 
in the Production Engineering Department. 


Mr. J. Bamford, Associate Member, has rejoined Vauxhall 
Motors Ltd., Luton, as Planning Engineer. 


Mr. F. E. Bates, Associate Member, is giving a series of lectures 
at Croydon Polytechnic, commencing on gth April, 1951. The 
subject will be “The Manufacture, Design and Application of 
Tungsten Carbide Cutting Tools.” 
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Mr. A. Beeching, Member, has been appointed Superintendent 
of the Royal Ordnance Factory at Glascoed, Mon. 


Mr. A. H. Blackwell, Member, Works Manager of David Brown 
Tractors (Engineering) Ltd., Huddersfield, has been appointed to 
the Board of Directors. 


Mr. Shiri S. N. Chatterjee, Associate Member, has been 
appointed Works Manager of the Rifle Factory, Ishapore, West 
Bengal. 


Mr. W. R. Childs, Associate Member, is now Group Production 
Engineer with Parkinson & Cowan, Ltd., London. 


Mr. R. N. Dass, Associate Member, has been appointed Assistant 
Works Manager of the Ordnance Factory, Dehra Dun, India. 


Mr. D. L. Davies, Intermediate Associate Member, is now 
Production Manager with Signode Ltd., Swansea. 


Mr. J. L. Elliott, Associate Member, has been appointed Chief 
Engineer with Philips Blackburn Works, Blackburn, Lancs. 


Mr. G. F. P. Fox, Associate Member, has been appointed 
Supplies Development Engineer, with Rolls Royce Co. Ltd., Derby. 


Mr. A. W. Hallpike, Member, has been appointed General 
Manager of the Motor Construction Works of the Bristol Tram- 
ways & Carriage Co. Ltd. 


Mr. F. H. Perkins, Member, and Mr. W. J. Izzard, Associate 
Member, are members of the A.A.C.P. Foremanship Team which 
is at present visiting the U.S. to survey American facilities for 
foremanship training and selection. 


Mr. E. J. Parker, Associate Member, has been appointed 
Mechanical Engineer at the Public Works Department, Lusaka, 
Northern Rhodesia. 


Mr. J. R. Pettigrew, Associate Member, is now Works Manager 
of Alexander Shanks & Sons, Ltd., Dens Iron Works, Arbroath. 


Mr. A. Webster, Associate Member, has been appointed Assistant 
to the Works Manager of David Brown Tractors (Engineering) 
Ltd., Huddersfield. 


Mr. A. A. Young, Associate Member, is now Resident Engineer 
(Traction) for the English Electric Co. Ltd., in Cairo. 


Mr. W. H. Crawshaw, Graduate, is now Planning Engineer with 
David Brown Tractors (Engineering) Ltd., Huddersfield. 


Mr. D. Eastwood, Graduate, has joined the Renold and Coventry 
Chain Co. Ltd., Didsbury, Manchester, as Technical Engineer. 
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Mr. Norman Holmes, Graduate, is now Production Methods 
Engineer (Assembly Dept.) with F. Perkins Ltd., Peterborough. 


opituary _be Institution deeply regrets to announce the death 
of Major James Erskine, T.D., M.A., B.Sc., Associate, 
a member of the Edinburgh Section Committee. 


The following Standards have recently been 
oe eee issued and are available, post free, from the 
British Standards Institution, 28, Victoria Street, Westminster, 
London, S.W.1, at the prices indicated : 

235 :1951 Gears for Traction, 4/-. 

814.:1950 Mild Steel Drums (Light Duty, Fixed Ends), 2/-. 
(I.Prod.E. representative on appropriate committee : 
Mr. L. P. Coombes). 

959 : 1950 Internal Micrometers (including Stick Micrometers), 
2/-. (I.Prod.E. representative on appropriate 
committee : Mr. J. E. Baty). 

1133: 1950 Adhesive Closing and _ Sealing Tapes, 3/-. 
(I.Prod.E. representative on appropriate committee : 
Mr. L. P. Coombes). 

1134: 1950 Assessment of Surface Texture (Centre-Line-Average 
Height Method), 6/-. (I.Prod.E. representative on 
appropriate committee : Mr. J. E. Baty). 

1262 : Part 2: 1950 Sizes of Tins for Paint and Varnishes, 2/-. 
(I.Prod.E. representative on appropriate committee : 
Mr. L. P. Coombes). 

1663 : 1950 Higher Tensile Steel Chain (electrically welded), 
2/6. 

1686 : 1950 Long-Period, High-Sensitivity Tensile Creep Testing, 
2/-. 

1687 : 1950 Medium-Sensitivity Tensile Creep Testing, 2/-. 

1688 : 1950 Determination of Time to Rupture Under Stress, 
2/-. 

1692 : 1950 Gin Blocks, 2/-. 

1700 : 1950 Typical Ships’ Derrick Rigs, 7/6. 

1701: 1950 Air Filters for Internal Combustion Engines and 
Compressors, 4/—. 

1702 : 1950 Mild Steel Drums (Heavy Duty, Fixed Ends), 2/-. 
(I.Prod.E. representative on appropriate committee : 


Mr. L. P. Coombes). 


** Modern Management for Bakers and Con- 
a See sien (Book II, Flour Confectionery) ” by 
E. Victor Adamson and H. E. Turner. Trade Technical Services, 
Ltd., London, price 10/6 post free. 
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I 
STAFF APPOINTMENTS : 
i 

Following the appointment of Mr. W. F. S. Woodford as 
Secretary, two further appointments have been made. 
Mr. S. Caselton, who first joined the Institution staff in 1936, is 
now Assistant Secretary (Administration), and Mr. G. E. Knight, ( 


who joined the staff in 1946, is i:ow Assistant Secretary (Education 
and Membership). 


At the meeting of the London Section which will 
take place on 19th April at the Royal Empire 
Society, London (Craven Street entrance), at 7-00 p.m., Mr. 
K. A. Zandstra, A.M.I.E.E., will lecture on ‘“ High Frequency 
Heating in Production.” 


LONDON SECTION 


The Library will be open between 10 a.m. and 
5-30 p.m. on Mondays, Tuesdays, Thursdays and 
Fridays; between 10 a.m. and 8 p.m. on Wednesdays; and between 
10 a.m. and 1 p.m. on the first Saturday of every month. 


THE LIBRARY 


Members are reminded that binding cases for the 
Journal are obtainable from Head Office, price 
7/6 each post free. The cases, each of which will hold 12 issues of 
the Journal, are made of stiff board covered with imitation leather 
cloth, with gilt lettering on the spine. | 


JOURNAL BINDERS 


It would be of great assistance to Head Office 
if members would ensure that the business 
addresses contained in their records were up-to-date, and would 
notify Head Office as soon as possible of any change of appointment. 


CHANGE OF ADDRESS 


RESEARCH PUBLICATIONS “© 2UMber of copies of the following Research 
publications are still available to members, 
at the prices stated : 


Report on Surface Finish, by Dr. G. Schlesinger 15/6 ' 
Machine Tool Research & Development 10/6 , 
Practical Drilling Tests 21]- 

Test Charts for Machine Tools, Parts 3 and 4 5/6 each 


These publications may be obtained from the Production 
Engineering Research Association, ‘Staveley Lodge’’, Melton 
Mowbray, Leics. 
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INSTITUTION NOTES 


Owing to the fact that output has to be adjusted 
to meet requirements, and in order to avoid carry- 
ing heavy stocks, it has been decided that the Journal will only be 
issued to new Members from the date they join the Institution. 


ISSUE OF JOURNAL 


important /n order that the Journal may be despatched on 
—_————_ time, it is essential that copy should reach the 
Head Office of the Institution not later than 40 days prior to the 
date of issue, which is the first of each month. 


SECTION. MEETINGS 


The following meetings have been arranged to take place in May, 1951. 
Where full details are not given, these have not been received at the time of 
going to press. 


MAY 

2nd Nottingham Section. There will be a discussion among five members 
of productivity teams recently returned from the United States of America, 
at the Victoria Station Hotel, Milton Street, Nottingham, at 7-00 p.m. 


8th Birmingham Graduate Section. A_ lecture on ‘Fundamental 
Machining Problems associated with the Production of Gas Turbine 
Components’? by P. Spear, Esq., B.Eng., Grad.I.Prod.E., at the James 
Watt Memorial Institute, Great Charles Street, Birmingham, 3, at 7-00 
p-m. 


10th Southern Section. A lecture on “ Planning for Production Incorpora- 
ting Cost Control” will be given by C. W. Higgins, Esq., A.C.I.S., 
A.C.C.A., A.M.L.I.A., at the Polygon Hotel, Southampton, at 7-00 p.m. 


22nd Wolverhampton Graduate Section. A lecture on “ Metrology ”’ will 
be given by G. H. Rutland, Esq., M.B.E., A.K.C., M.I.Mech.E., 
M.1.Prod.E., at the Wolverhampton & Staffs Technical College. 


goth Shrewsbury Sub-Section. A lecture on ‘‘ Commercial Possibilities of 
the Lost Wax Process ” will be given by A. Short, Esq., A.M.I. Prod.E., 
M.I.B.F., at the Technical College, Shrewsbury, at 7-30 p.m. 








STEEL—THE ENGINEER’S CLAY 
by F. WESTALL, M.A., A.M.I.Mech.E., A.M I.Prod.E. 
Presented to the Preston Section of the Institution, 8th November, 1950 


TRUST the title of my talk is no misnomer. I intend to speak 

on steel, for steel is to the engineer what clay is to the potter. 

I must make it clear that I am not a metallurgist, and I am an 
engineer. Like most engineers my education in metallurgy was 
elemental and cursory at the best. Considering the wide syllabus 
it could be little more. ‘The necessity of making the best use of 
the materials at my disposal, along with perhaps a little personal 
interest, has forced me to learn more of this subject, with special 
focus on steel. 

My appreciation of the matter I have attempted to reduce to a 
simplified form, a basic framework of logical sequence with a 
mechanical bias. This system is by no means comprehensive and 
frequently glosses over the more abstruse parts, but I find it forms 
a useful background, and though certainly not dispensing with the 
necessity of advice by metallurgical specialists, enables this to be 
taken with better understanding and used to greater advantage. 

It is the picture of metallurgy as applying to steel that I intend 
to put before you tonight. 


MOLECULAR COMPOSITION Metal can be considered as being com- 

posed primarily of molecules, either 
arranged in regular pattern which we refer to as the crystalline 
state, or irregularly disposed, this being the amorphous condition. 


Examples of amorphous substances are 
liquids, glass and pitch. Their properties 
range between high strength with excessive brittleness and low 
strength with ductility. 

These properties depend considerably on the rate of loading, the 
greater this rate the lower the ductility. Amorphous materials are 
subject to creep, the degree of course being dependent on the 
substance concerned. It is this property which must be remem- 
bered when creep in metals is under consideration. 


AMORPHOUS SUBSTANCES 


MOLECULAR ARRANGEMENT AA single crystal of pure metal has negligible 
IN SINGLE CRYSTALS strength. Fig. 1 shows the molecular 
arrangement in such a crystal. Distortion of this molecular system 
occurs by one layer of molecules sliding over another (Fig. 2). 
This means that breakdown in one crystal is due to shear ; note 
the molecules being pulled apart against their mutual attraction. 
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Taking an analogy of fluid flow we can expect this state of affairs. 
The methodical arrangement of molecules implies a regular 
conformation of forces holding the molecules in their relative 
positions. From this it may be inferred that there will be some 
definite relation between displacement and applied load ; note 
the stress-strain relation of Hooke’s law. Up toa certain magnitude 
of applied force the internal forces resisting molecule displacement 
will increase, holding the molecules in equilibrium against the 
applied force. On the removal of the applied force these internal 
forces will pull back the molecules to their nominal positions. 
Beyond this limiting imposed force the molecules will be forced 
out of the range of attraction of “ elastic ” restraining forces. The 
molecules in this plane of failure will loose their orderly arrange- 
ment and a lamina of an amorphous nature will result. To all 
intents and purposes the crystal has been broken into a number of 
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Fig. 1.—Regular molecular pat- Fig. 2.—Uniform molecular dis- 
tern in single crystal of homogeneous placement. under light Joad. 
metal. : 


smaller crystals, the break planes being parallel to. the direction of 
the applied force. , 


Fig. 3 shows the boundary between three crystals. 
Since the crystal axes take random directions it is 
most unlikely that the gliding plane of one will be a continuation 
of the gliding plane of its neighbour. This change of direction of 
gliding plane creates an added resistance to the applied force. 
The greater the number of gliding plane breaks, the greater the 
strength. This can be considered the first basic method of im- 
proving the mechanical strength, i.e. that of increasing the number 
of crystals or grain refinement. At the boundary between adjacent 
crystals where the pattern of one changes to that of another, there 
must be a region of molecules disposed in a disorderly fashion. 
This region is, therefore, of an amorphous nature and is known as 


GRAIN REFINEMENT 
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Fig. 4.—Pegging of crystal lattice by single element molecules. 


boundary cement. It appears logical to assume that creep takes 
place in this area. 


PEGGING BY An element is in solid solution in another when 
ELEMENTAL MOLECULES molecules of the first take the place of mole- 
cules of the parent element in the crystal lattice (Fig. 4). These 
foreign molecules obviously distort the gliding planes thereby 
increasing the resistance to slip. They are said to peg the crystal 
lattice. This. is the second of the basic methods greatly affecting 
the mechanical properties. 


PEGGING BY The third method is actually a sub-section of 
COMPOUND MOLECULES the second, but because of its profound effect 
must be considered on its own. Compound molecules are many 
times larger than those of simple elements and have, therefore, a 
tremendous effect when in solid solution (Fig. 5). Sometimes, 
because of their extreme hardness, in crystals of their own they 
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(a) (2) 
Fig. 5.—Pegging of Fig. 6.—Cubic molecule system in Alpha and 
crystal lattice by com- Gamma iron crystals. 


pound molecules. 


exert a powerful influence. By causing compound formation, 
then, the mechanical properties can be enormously affected, 
especially so when the compound is in solid solution. 

The mechanical properties of metals can in most part be ascribed 
to these three systems of resisting distortion in the crystal arrange- 
ment. Other factors play a part, but by no means to the same 
extent. 


Ml ee | 





Fig. 7.—Pictorial view of cubic molecule system in Alpha and Gamma Iron 
crystals—Bain P. 7. 


CARBON SOLUBILITY, Iron exists in two isometric crystalline 
ALPHA AND GAMMA IRON forms ; alpha which is cubic and body 
centred, gamma being cubic and face centred (Figs. 6-and 7). 
Gamma iron, austenite, will hold in solution relatively large 
quantities of carbon, whereas alpha, ferrite, can contain little. more 
than o-oi°,, at room temperatures. ‘This is indeed fortunate, for 
it is this property which is responsible for the powerful mechanical 
properties of steel. Fig. 8 shows carbon solubility against 
temperature. 
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Fig. 8.—Carbon solubility in iron. 


EQUILIBRIUM DIAGRAM The equilibrium diagram, Fig. 9, gives the 

state of carbon steel at different temperatures 
under equilibrium conditions. At approximately 723° C. iron 
changes its allotropic state from austenite to ferrite. This is 
coupled with a reorganisation of the crystal formation, carbon is 
thrown out of solution and combines with the iron forming iron 
carbide (Fe3;C), better known as cementite. 
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Fig. 9.—Iron carbon equilibrium diagram. 


CRYSTALLISATION On cooling a carbon steel of almost eutectic 
ON COOLING composition, at the change point cementite and 
ferrite crystals are formed simultaneously and are arranged in a 
lamella manner, comprising alternative plates of cementite and 
ferrite. These laminae are contorted, giving rise to no plane of 
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Fig. 10.—Micrograph of pearlite—Bain P. 31. 


weakness, this state being known as pearlite. For pro-eutectoid 
steels of carbon content much removed from the eutectic, either 
ferrite or cementite first crystallises out until the remaining solution 
is of eutectic composition which transforms en bloc to pearlite. 
The microstructure of these steels consists of pearlite laminae in a 
matrix of either ferrite or cementite. Fig. 10 gives a typical 
microscopic appearance of pearlite. 











Approx. Cooling Rate : Temp. of Brinell Hardness 
760°C. ToTransformation| ‘Transformation Number 
3° Per Minute 708°C. 210 
0.75%C | 100° Per Minute 671°C, 315 
970° Per Minute 600°C. 415 
2° Per Minute 705°C. 217 
° ‘ 5 . ~ 
1.0%C | 50° Per Minute 682°C. 262 
220° Per Minute 673°C. 302 

















Fig. 11.—Effect of cooling rate on pearlitic hardness. 


The decomposition of solid solution 

austenite is not begun instantly when 
the temperature is lowered below the 
equilibrium change point. There is a reluctance which is constant 
for any particular steel, and the degree of undercooling for the 
transformation to take place is necessarily dependent on the rate 
of cooling. The effect of cooling rate on hardness is shown in 
Fig. 11, which also gives the approximate transformation tempera- 


UNDERCOOLING AND GRAIN 
REFINEMENT 
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Fig. 12.—Microscopic appearance of martensite 
in eutectoid steel—Bain P. 34. 


ture. In this case increased hardness can only come from grain 
refinement, which must, therefore, be greatly affected by the 
cooling rate. 


With certain steels, low in alloy content, 
especially when they are fine grained, at very 
low rates of cooling pearlite is not formed ; instead the carbide 
crystals coagulate in a spheroidised form. 


SPHEROIDISED PEARLITE 
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Softening of Quenched Carbon Steels. 
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Fig. 13.—Tempering curves for 0°35% C and 1-:2% C steels. 
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With increasing rate of cooling, the transformation 
temperature is progressively lowered, the grain of the 
crystals becoming finer until a stage is reached when the carbide 
molecules are inhibited from clustering together and forming 
crystals. Instead they exist individually, still in the austenite 
crystal structure, the iron, of course, having reverted from austenite 
to ferrite. This, then, is a state in which the crystal lattice is 
pegged with compound molecules. It is known as martensite, 
and is steel in its hardest form. Fig. 12 is a photo-micrograph of 
martensite showing the needle-like structure. 


MARTENSITE 


Martensite, being of maximum strength, is deficient in 
TEMPERING : x 

other mechanical properties. Furthermore, because of 
the extreme rate of cooling internal stresses are set up, and these, 
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TIME INTERVAL AT TEMPERATURE , MINS 
Fig. 14. -Influence of time-interval on tempering 
0°35°4 quenched steel. 


in addition, impair the toughness. At elevated temperatures a 
certain migration of carbon atoms takes place. This process, 
commonly known as tempering, enables the molecular carbide 
structure in martensite to be broken down and agglomerations of 
carbides to be formed. ‘This gives reduced hardness, but increased 
ductility and toughness, the toughness probably being dependent 
more on the release of internal strain than on the micro-structure 
rearrangement. The degree of tempering is mainly dependent on 
temperature as indicated in Fig. 13, showing the hardness of two 
carbon steels when held for one hour at various temperatures. 
Figs. 14 and 15 show the minor effect of time on this diffusion, the 
biggest drop in hardness taking place in the first few seconds. This 
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Fig. 15.—Influencejof time-interval on 
tempering 0°35°, quenched steel on 
logarithmic scale. 

tempering of quenched steel gives properties superior to those of 
similar air cooled steel at the same degree of hardness. Fig. 16 
shows the relative mechanical properties of a 0-84°% carbon steel, 
on a hardness base, in one case air-cooled, and in the other 
hardened and tempered. 


UNIFORMITY OF STRUCTURE The resulting mechanical properties are 
AND CARBON CONTENT greatly affected by uniformity of structure. 
Of special importance here is the distribution of carbon in the 
austenite crystals. This is accelerated by increase in solutioning 
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Fig. 16.—Relative mechanical properties of 0°84% C steel, (a) quenched and 


tempered, (6) air cooled. Proof sterss, breaking stress, elongation, 
reduction of area. 
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Fig. 17.—Increase in martensitic hardness by lengthening 
solution heating period, i.e., improving carbon distribution. 
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Fig. 18.—Influence of carbon on hardness. 
Martensite ; pearlite ; spheroidised pearlite. 
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temperature. Fig. 17 shows how martensitic hardness varies with 
solution heating period, the steel in question being 0-2°% carbon, 
heated to 845°C. The carbon content, of course, greatly 
influences hardness, as is clearly shown in Fig. 18. 


“$” CURVES AND BAINITE The simple equilibrium diagram is of no 

great assistance because of the predominant 
effect of the rate of cooling. Curves have been plotted to show for 
various steels when the transformation from austenite begins and 
when it ends. One such curve, known as an “S” curve, is 
shown in Fig. 19. This curve clearly shows that for martensite to 
form, the rate of cooling has to be so great as to take the steel past 
the top inward bulge. Martensite formation occurs when the curve 
is crossed at approximately 100° C. It will be seen also that it is 
possible to produce a further family of structures by rapid cooling 
to range roughly between 550° and 150° C. and holding at this 
temperature for varying times. This gives-a formation of a 
microscopic acicular structure often containing residual austenite. 
These steels have interesting mechanical properties and in many 
cases for the same hardness are tougher than tempered martensite. 


HARDENABILITY he rate of cooling is greatly dependent on the mass 
of steel concerned, that on the outside cooling far 
faster than that inside. With all but small sections of unalloyed 
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IN DIAMETER 


Fig. 20.—Effect of austenite grain size, 
as controlled by solutioning temperature, 
on hardenability. 0-74°% C ; 0:41% Mn; 
014% S. 

Solutioning temperatures—g8o° C. ; 
925°C. ; 855° C.; 785°C. ; 745°C. 


carbon steels, it is impossible to produce a uniform martensite 
throughout. Except for the outer layers, the relatively slow rate 
of cooling at the centre gives rise to the normal pearlitic formation. 
Austenite grain size is a deciding factor in hardenability, that is the 
depth to which martensite will be formed at a specific rate of 
cooling. On cooling, carbide molecules are formed only when 
there are nuclei present about which the particles may be pre- 
cipitated. The greater the number of these nuclei the faster the 
precipitation and therefore the lower the hardenability, but the 
finer the grain size. It is thought that nuclei occur in the crystal 
boundaries, hence a coarse austenite crystal structure will present 
fewer opportunities for precipitation and therefore increase 
hardenability. This actually happens, and Fig. 20 indicates the 
depth of martensite formation in samples of the same steel when 
held at various temperatures in the austenite range to give different 
crystal growths. In each case the rate of cooling and temperature 
from which cooling took place were exactly the same. The steel 
concerned was 0-75% carbon steel. It is to be noted that this 
system of indicating hardenability by showing the hardness at 
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% ALLOYING ELEMENT IN q~!RON 
Fig. 21.—Hardening effects of elements dissolved 
in pure iron. Phosphorus, silicon, manganese, 
nickel, molybdenum, tungsten, chromium-+ 18. 


varying radii in the cross section of a circular test piece is one of 
the most convenient for designating this physical property. The 
critical diameter for any material is that at which the specimen 
can be hardened throughout. Though coarse austenite increases 
the depth of hardness, it suffers from the disadvantage of much 
reduced toughness, because of the larger martensite crystals 
produced. Large grains have a greater tendency to retain internal 
stresses than small grains. 

The optimum properties for steel are acquired by the tempering 
of martensite. This martensite cannot be produced in any but the 
smallest sections. It is primarily to overcome this that alloying 
of steel takes place, in other words, to increase the hardenability, 
to allow martensite and in some cases even austenite, to form at 
much reduced rates of cooling. 


ALLOYS DISSOLVED Practically all alloys, to some degree, are soluble 
IN FERRITE in ferrite. This, in itself, because of the pegging 
of the ferrite crystal lattice with alloy molecules, must affect the 
mechanical properties, improving hardness and tensile strength. 
Fig. 21 shows the effect on hardness of varying alloys dissolved in 
pure iron. In comparison, Fig. 18 indicates martensitic hardness 
against carbon content for plain carbon steel. These two graphs 
clearly show the relatively small hardening effect of alloys dissolved 
in ferrite. Low carbon alloy steels where the carbon content is too 
small for thermal hardening to take place have a use in structural 
work where welding has to be carried out in situ. Heat treated 
carbon steels for this purpose will, of course, be considerably 
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weakened by the annealing effect of welding, whereas the stiffening 
due to the alloy dissolved in ferrite is not at all affected. Certain 
alloys in solution in ferrite, especially chromium where the 
concentration at the surface is not less than 1 atom of chromium 
to 7 of iron, act as a powerful corrosion inhibitor. Such steels also 
form the basis of one variety of stainless steel. 


RELATIVE AFFINITY OF Most alloys have an affinity for carbon, 
ELEMENTS FOR CARBON combining with this substance forming alloy 
carbides. Where these are present in steels, the degree to which 
each individual alloy element combines with carbon depends on 
the relative affinity to carbon of the other alloying elements and 
the ferrite present. Also the proportion remaining in solution in 
ferrite is again dependent upon the relative affinity of all alloys 
and ferrite concerned for carbon. Nickel, silicon and aluminium, 
for instance, form no carbides and are, therefore, generally to be 
found in the ferrite phase. Most other elements, from manganese, 
which has only small carbide forming tendencies, to vanadium with 
the most powerful affinity for carbon, are usually present as carbides 
but also exist, of course, to a limited degree in solution in the 
ferrite crystals. All these elements have a greater affinity for 
carbon than iron. This means that when these are present less 
cementite will be formed and in heat treated steel the remainder 
of the carbon will exist in alloy carbides. 


ALLOYING ELEMENT REDUCING Of paramount importance is the amount 
MAXIMUM CARBON SOLUBILITY of carbon soluble in austenite in the 
IN AUSTENITE presence of alloying elements. Fig. 22 
shows the austenite part of the equilibrium diagram for varying 
quantities of titanium. As the alloying element is increased the 
maximum quantity of carbon in solution in austenite is gradually 
decreased because of the carbide forming tendencies of titanium. 
Thus it will be seen that o-8°%, titanium leaves only 0-3°% of carbon 
in solution in the austenite. Reflecting back to Fig. 18 showing 
the martensitic strength against carbon content, this implies that 
if each carbon atom were to form the same number of carbide 
molecules as cementite molecules, apart from the minor hardening 
effect of titanium dissolved in ferrite, the maximum hardness that 
could be acquired with such steel would only be about half that 
possible with a straight carbon steel. This, of course, is not a 
true state of affairs. The alloy carbide molecules contain different 
proportions of carbon atoms than do cementite molecules ; also 
compound molecules containing both alloy and iron carbide 
molecules are formed. Probably the pegging effect of these 
molecules, being of different size to cementite, also differs. What 
actually happens here is complex and not quite clear. There is 


199 


THE INSTITUTION OF PRODUCTION ENGINEERS 


1S 


$8833 


TEMPERATURE °C 





8388 8 


O2 04 06 O68 10 12 4 16 16 
CARBON CONTENT % 


Fig. 22.—Influence of titanium content 
on carbon solution limitation in pure 
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Fig. 23.—*S” curves showing ‘start of 
austenite transformation for 0-59°, C; 
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no doubt, however, that the maximum hardness obtainable in 
steel is that of a martensitic straight carbon steel and is not 
improved by alloying elements. 


UNDISSOLVED PaRTICLEs If more than 0-3°% carbon be present in the 
AFFECTING GRAIN SIZE steel, then that in excess of 0-3% will exist 
AND HARDENABILITY §= with the austenite as an insoluble titanium 
carbide. It has already been shown that for hardenability grain 
size of the austenite plays an important part. Inclusions in the 
austenite, such as separate carbides or non-metallic particles, 


c Mn Si N Cr Mo 
A 04 F160 O15 
B O04 OC O15 os Ons 
C O04 O3 O16 325 1:25 
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Fig. 24.—-Hardness distribution on 3 in. dia. bar 
with water quench from 830°C. 


C. Mn. Ss. Ni. Cr. Mo. 
i O"4 1-6 O15 
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have the property of inhibiting grain growth. In a carbide 
forming alloying element therefore, if carbon be present in excess 
of that capable of being dissolved in the austenite, carbides will be 
produced that will inhibit grain growth and _ therefore reduce 
hardenability. 


ALLOYS IMPROVING With the exception of cobalt, neglecting the effect 
HARDENABILITY of undissolved carbide formations, all alloys 
increase the hardenability, the carbide forming elements having 
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the most powerful effect. This quality implies that the “S” 
curves will be moved bodily to the right allowing more time for the 
cooling steel to pass the top inward bulge. Fig. 23 shows the “ S ” 
curves for different alloys. To obtain maximum hardenability 
combinations of elements have been found most effective. Fig. 24 
shows hardenability of a cross section on 5 in. dia. bar for various 
steels, all conditions apart from the alloy content of the steel 
remaining the same. 

It is possible by this means to obtain stable austenite at room 
temperatures by normal air cooling. This product, because of its 
uniformity of structure, is most useful as a corrosion inhibitor and 
is the basis of one series of stainless steels. 
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Fig. 25.—Tempering curve for pure austenite. 


To review the hardenability situation, practically all alloys 
improve this characteristic in steel, though any undissolved inclu- 
sions in the austenite, whether they be carbides or non-metallic 
substances, restrict grain growth and hence reduce grain size, thus 
inhibiting hardenability. 


RETAINED AUSTENITE It is rare for martensite to be formed without 
EFFECT IN TEMPERING §any retained austenite. Up to about 25%, 
retained austenite has little effect on the hardness of the basic 
martensite ; on tempering it disturbs the process slightly, in that 
at about 400° F. austenite is transformed into bainite according to 
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the expectation from the “S” curves. This gives a hardness 
slightly different to what would be expected, though it must be 
remembered that the hardness of bainite is nothing akin to that of 
martensite. Fig. 25 is an exaggerated effect of retained austenite 
on tempering shown for 1-8°% carbon, 6% chromium steel, which 
: has been quenched from 2,000° F. the structure produced being 
almost wholly austenitic state. 


EFFECT OF FERRITE SOLUBLE Alloys which generally exist in the ferrite 
ALLOYS ON TEMPERING hardly affect tempering characteristics. 
Because of the pegging action the hardness is slightly increased and 
it is possible, by stiffening the structure, they decelerate, to some 
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' Fig. 26.—Influence of nickel on tempering. 
0°45% C3 0°45% C3 3°5% Ni. 


degree, the carbon migration. Fig. 26 shows the effect of nickel 
on a medium carbon steel. 


CARBON COMBINING The carbon combining elements, however, q 
§ ELEMENTS ON TEMPERING have a marked influence. Fig. 27 shows 4 
the effect of increasing chromium content. With 12° chromium 
the increase in hardness at 400° C. is often referred to as secondary : 
hardening. It is thought that because of the migration of both q 
the alloying elements and carbon, new alloy carbides are formed f 
in the molecular state, this being responsible for the increase in 
hardness. This phenomena is made use of in high speed steels 
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which require toughness and hardness at elevated temperatures. 
Combinations of alloying elements appear to smooth out the 
hardness curve parallel to the time axis. It is to be expected that 
the varying alloys being effective at different times give this desired 
cumulative effect. Fig. 28 gives the tempering characteristics of a 
number of alloy steels. One of these curves is for a typical high 
speed steel showing an almost constant hardness up to 600° C. 
Such a steel contains the excess in alloying elements necessary to 
produce undissolved alloy carbides in the austenite range. These 
hard carbide cutting particles remain firmly held in the tough 
matrix even at high-working temperatures. 


ADVANTAGE OF HIGHER It will be appreciated that for the same 
TEMPERING TEMPERATURES IN degree of hardness to be acquired in 
RELEASING INTERNAL STRESS = tempering quenched steel, alloys increase 
the tempering temperature. This advanced diffusion temperature 
allows greater release of internal stress and on these grounds alone 
alloying is advantageous. 

It is imperative, also, that to obtain the optimum results perfect 
homogeneity in the austenite stage is essential. An area starved 
of alloy content on tempering will have a much reduced hardness 
compared with the rest of the material and as the weak link in 
the chain, will impair the advantages which ought to have been 
derived. 


TEMPER BRITTLENESS An interesting feature in tempering is the 

appearance of temper brittleness in certain 
steels in the vicinity of 480-540°C. Chrome nickel steels are 
particularly subject to this occurrence. The cause is not fully 
known but it is suspected that secondary precipitation occurs 
forming new compounds ; probably carbides are produced giving 
this adverse effect. Manganese and. phosphorous appear to 
accentuate the trouble whereas molybdenum reduces the severity. 


DISCUSSION 


Mr. T. A. WesTaLt : You mentioned during your lecture that 
austenite was used for stainless steel ; I would like to know why 
this is done and is austenite used for any other purpose ? 

Mr. F. WesTALL : At room temperature austenite consists of 
similar crystals containing carbon and alloying elements in solid 
solution in iron. The major cause of corrosion is electrolytic 
action between dissimilar metals. A material having a relative 
homogeneity such as austenite is, therefore, by no means as sus- 
ceptible to electrolytic action as one consisting of crystals of different 
substances. A further reason for the resistance to corrosion of 
this specific material is that chromium is an important element in 
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austenitic alloy steel. In fact, the foundation alloy elements of 
one type are 18% chromium, 8°, nickel. Chromium here exerts 
the same effect as it does in the non-austenitic chromium stainless 
steels. 

A further austenitic steel, now of historic interest, is Hadfield’s 
manganese steel. This consists of about 16%, manganese and is 
wholly austenitic at room temperatures. To the best of my 
knowledge this was once employed, or intended to be used for 
railway lines. Mechanical action disturbs the unstable super- 
saturated solid solution and precipitation occurs forming martensite. 
The effect of the train wheels on such rails is therefore to produce 
a hard martensitic surface backed up by the tougher austenite. 

Mr. GRAHAM : Not being a metallurgist I would like to discuss 
high speed steel possibilities and to know just what happens when, 
on tempering a certain high speed steel we employ, the hardness is 
increased from 62 Rockwell to 72 Rockwell ; would there be any 
austenite present ? 

Mr. F. WestALL : It is difficult and perhaps almost impossible 
to free these alloy steels entirely from austenite. Doubtless some 
austenite must have been present, but the quantity would be 
insufficient to have much effect on the tempering characteristics. 
The reason for increases of hardness on tempering is the phenomenon 
of secondary hardness referred to in the latter part of my lecture. 
Fig. 28 was shown to clarify the point. 

Mr. WappincTton : In the early stages did engineers find out 
how to harden steel practically or did they learn it from the 
scientist ? 

Mr. F. Westra: Science always comes second to practice. 
Inquisitive man attempts to discover and explain certain natural 
occurrences. In doing so he reveals further knowledge and 
propounds a theory. This theory not only explains what he has 
observed but also indicates what might be achieved. In this 
manner, practice and theory hand in glove, do we advance in 
knowledge and application of that knowledge. 

Mr. T. A. Westatt: I notice you mention compound and 
foreign molecules; what is a compound molecule? 

Mr. F. WestaLt : To answer this question is, I am afraid, an 
excursion into atomic physics, of which I have only a most 
elementary knowledge. An atom consists of a number of electrons 
rotating round a central nucleus or proton, these electrons being 
arranged in one or more orbits. There is apparently a number of 
electrons to saturate an orbit and should the number in any orbit 
be less than the requisite number this particular atom will have an 
affinity for electrons in other atoms to complete the orbit require- 
ment. Many atoms exist in numbers of their own kind grouped 
together in such a manner that the orbit of each atom has its full 
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complement of electrons, and likewise exist attached to atoms of 
other elements. This latter method forms the compound molecule. 

Question : In stressed concrete the maximum shear is in a 
direction of 45° to the applied force. How does this tie up with 
the theory of crystal breakdown due to shear? 

Mr. F. WestaL_: Since the rupture of a crystal is due to 
shear it will be the maximum shear produced that is responsible 
for failure. This really becomes a question of principal shear 
stresses, the magnitude of these stresses and their directions being 
dependent upon the nature of the external applied loads. Where 
the force is that of single tension or compression, the principal 
shear stress is at 45° to the direction of the applied force and 
we can expect failure of the crystals to take place at this angle. 
This does not mean, however, failure along a continuous plane 
at 45°. The failure might occur on a number of planes at 45° 
to the applied load, these being in the form of serrations. If 
the number of planes be very great then the apparent appearance 
of the failure might be one of a single plane at right angles to the 
applied load. 

Question : Is it true that tensile strength is akin to hardness ? 
Mr. F. Westa. : Hardness is measured by such tests as indentation 
and scratching. In either case the external force is applied to 
the crystals and will be resisted by the internal restraining force 
of the molecules within the crystals until failure finally occurs. 
It appears to me that this is somewhat similar to the molecule 
restraining force action experienced in the case of a direct external 
load applied, as in the straightforward tensile test. Whether this be 
the reason or not, experimental results prove that different metals 
affect the hardness values in a similar manner to their effect on 
the U.T.S., and consequently that the hardness can be a reasonably 
good guide as to the U.T.S. 





THE PLACE OF THE METALLURGIST IN 
PRODUCTION ENGINEERING 


By E. R. GADD, F.I.M. 


Presented to the West Wales Sub-Section of the Institution, 
3rd February, 1950 


ETALLURGY has been defined in general terms as “ art 

and science applied to metals ” and more specifically as “‘ the 
extraction of metal from its ores, refining, alloying, shaping, 
treating, study of structure, constitution and properties.”’ As far as 
the engineer is concerned, he is mainly interested in the physical, 
chemical and mechanical properties of metals and their alloys. 

All engineers are of course not necessarily interested in the same 
properties. The electrical engineer looks for electrical conductivity, 
magnetic permeability, etc. ; the civil and general engineer, 
mechanical strength and resistance to corrosion ; the aeronautical 
engineer, and in this I include engine and airframe, is interested in 
a very wide range of properties in which density looms large. No 
less important are strength at normal and elevated temperature, 
heat conductivity, expansion under heat, corrosion and scaling, etc. 


HISTORY OF In considering. the broad definition of 
METALLURGY metallurgy as “‘ art and science applied to 
metals,” one is very much tempted to indulge in a discourse on 


the achievements of some of the very early users of metals, as 
revealed by the metallurgical examination of ancient implements. 
There is no doubt that steel was made and used in ancient Egypt 
as far back as 3000 B.c. and there is evidence that there was also 
some knowledge of heat treatment, including case-hardening of 
steel at that time. 

Up to about 100 years ago, metallurgy was all art and very little 
science. From 1850 onwards the application of science to metal- 
lurgical problems has steadily increased, and today the tempo of 
development is so rapid that it is difficult to keep pace with 
metallurgical progress. Many research organisations have been 
built up for the furtherance of metallurgical knowledge. Firstly, 
there are the universities and Government establishments such as 
the N.P.L. who are engaged on exploring fundamental properties 
of metals and alloy systems. 

Then there are the industrial research associations as exemplified 
by the British Iron and Steel Research Association and the British 
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THE METALLURGIST IN PRODUCTION ENGINEERING 
Non-Ferrous Metals Research Association. The metal producers 
themselves often have large research laboratories devoted specifically 
to the study of their own products. 

Finally there are the research departments attached to the 
engineering organisation itself. Metallurgical research in these 
engineering concerns might be more properly designated as 
development research, since the greater part of the work carried out 
is often what might be called short time research, and it is usually 
devoted to specific problems relating to the particular engineering 
project of the company. It will be thus seen that there is a very 
big body of metallurgical research workers devoted to the service 
of the engineer. It would be quite impossible for the engineering 
industry to maintain progress without this background of metal- 
lurgical study and research. 

Having briefly dealt with the research angle in general terms, 
I would like to deal more specifically with the work of those 
metallurgists who act in an advisory and inspectional capacity in 
a modern engineering works. 


METALLURGICAL In order to advise the engineering side, 
SPECIALISTS the metallurgist must firstly keep himself 
informed of all new metallurgical developments emanating from 
the research organisations not only in this country, but from all 
parts of the world. 

Secondly, it may be necessary for him to carry out short range 
researches in his own laboratory, in erder to deal with pressing 
problems arising out of the firm’s engineering projects. 

To carry out metallurgical research successfully even on a 
relatively small scale, it is found necessary to build up a team of 
specialists to cover the four main metallurgical sections—Metallo- 
graphy, Physics, Chemistry and Mechanical Testing. 

The metallographist is a specialist on the microscopic examina- 
tion of metals, and I want to say a good deal more about him 
later on. 

The physicist, as the name suggests, carries out tests to determine 
the physical properties of material, such as heat conductivity, 
electrical conductivity, magnetic properties, expansion of materials 
under heat, density. He may extend his field to cover atomic 
structure and crystallography, spectroscopy and other work 
peculiar to his particular expert knowledge. 

The chemist has often a particularly wide field to cover, extending 
outside the bounds of strictly metallurgical work. On the metal- 
lurgical side, he deals with the analysis of metals and alloys and 
the control of plating solutions. Beyond that he may become 
involved in fuels and lubricants, cutting compounds, trade wastes 
and a host of other chemical jobs. 
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The mechanical testing expert, sometimes described as a 
metallurgical engineer, is responsible for such tests as tensile, 
torsion, fatigue, creep, hardness and abrasion, and in some 
organisations these tests may be carried out on components as well 
as test samples. 


MAIN WORK OF The work of these specialists can be summarised 
SPECIALISTS under the following main headings : 

1. Properties of metals and alloys. 

2. Application of metals and alloys in the form of com- 
ponents including the investigations of failure of 
components. 

3. The exploration of metallurgical processes as exemplified 
by surface hardening, corrosion protection, also the 
melting and casting of metals. 

These three groupings give a clue to the advisory side of metal- 
lurgical work in a modern engineering concern. For example, 
properties of metals are of direct interest to the design department. 
Then the application of new metals in the fabricated form comes 
mainly into the province of the development section. Finally, 
metallurgical processes are very much the concern of the production 
department. In fact, a metallurgical process seldom becomes 
perfected until it has withstood the searching requirements of 
quantity production. 

I would hasten to point out that these divisions are not really so 
sharply defined as my words suggest. All phases of design, 
development, and production are closely inter-related but from the 
metallurgical point of view they can be broadly separated in the 
way shown. The point I want to make is that the metallurgist 
comes in at all stages, design, development and production. It 
might be very interesting to deal with all these aspects of metal- 
lurgical interest in detail, but time does not permit. I thought it 
might be worth while, however, to dwell for a short time on the 
work of one of the specialists, the metallographist, since his work 
can be of such importance to the development and production side. 
His link with the production side is often through the Production 
Metallurgist of whom I shall have more to say later. 


THE I have already mentioned that the metallo- 
METALLOGRAPHIST graphist is an expert in-the study of metals by 
the microscope. The first essential in the examination of metals 
by the microscope is that the metal sample shall be polished by a 
process of cutting and not smearing the surface. This is done by 
a succession of grinding and emery paper operations, taking the 
specimen down stage by stage with finer and finer abrasives until 
the final polish, which consists in treating the surface with a rotating 
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cloth covered wheel treated with a very fine abrasive such as 
alumina or chromium oxide. 


When viewed under the microscope most metals will show a 
blank surface with no discernible details. If, however, the surface 
is now lightly attacked by a suitably selected etching reagent, it 
will be found that what looked like an uninteresting homogeneous 
piece of metal now shows patterns of graded light and dark areas 
which to the experienced metallographist reveals many of the 
innermost secrets of the metal. 


Now how is such information useful to the engineer? Suppose 
we take steel as an example. 


In straight carbon steels the actual carbon content can be 
estimated. with a fair degree of accuracy. The heat-treatment 
history of carbon and alloy steels can be estimated and such 
features as overheating at some earlier stage of processing and the 
conditions of the latest heat-treatment operations can be observed. 
The presence of case-hardening whether by carbon or nitrogen is 
readily seen. Also loss of carbon from the surface, usually called 
decarburisation, is very evident. 


Grain boundary weakness, internal cracks and non-metallic 
impurities are readily noted. 


The structures of non-ferrous alloys are also readily revealed by 
micro-examination. While the microscope is the metallographist’s 
main tool, he is usually highly experienced in the interpretation of 
metal fractures and can quickly detect whether a part has failed by 
normal tensile overstress, by impact, or by fatigue. These fractures 
have certain distinctive features which are relatively easy to 
interpret in the case of steels, but more skill is required when light 
alloys are involved. 


Another branch of the metallographist’s work is the examination 
of sections of components involving deep etching to show the grain 
flow of the material. Steels lend themselves particularly well to 
this method of examination, although quite good effects can be 
obtained on non-ferrous alloys if sufficient care is taken in choosing 
the right etchants. It can be seen from this brief review of the 
work of the metallographist that by initial examination of fractures, 
microscopic examination and deep-etching for grain structure, he 
is particularly well equipped to make examination of failed parts. 
With the addition of a simple hardness tester, he can often tell the 
engineer all that he needs to know about why a component has 
failed. 

If the exact composition of the material involved in the failure is 
in doubt and it is necessary to check against a material specification, 
then the chemist is brought in to carry out the necessary tests. 
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supplier of the material is envisaged. 


quickly by resort to microscopic examination. 


metallographist. 


is employed. 


I do not propose to go over all the ground again. 


set out and dealt with in masterly fashion. 


foundry. 


detection, etching, oil and chalk tests, etc. 


plating solutions. 





This is very necessary in those cases where a complaint against the 


PRODUCTION The Production Metallurgist, of whom I have so 
METALLURGIST far said very little, works in close relationship with 
the metallographist since many of his queries can be settled very 


In many works organisations, the Production Metallurgist may 
be the only metallurgist, and his ability to serve the Production 
Engineer will depend on his training on the one hand, and the 
equipment he is allowed to possess on the other. 
mechanical test section to make routine tests on incoming materials 
is often provided, but if the use ofa microscope can be added, the 
scope of the metallurgist becomes very much increased. This fact 
will be appreciated from my recent remarks on the role of the 


A small 


The Production Metallurgist may have a wide range of activities 
according to the scope of the engineering organisation in which he 


In a very comprehensive paper presented to this Section of 
your Institution last year, Mr. Nourse on the general subject of 
inspection dealt at considerable length with metallurgical inspection. 
All the multi- 
tudinous tests of materials, castings, components, plating and 
anodising solutions are appropriately referred to in that paper, 


I would, however, like to remind you briefly of a few of the 
Production Metallurgist’s jobs. In his capacity of metallurgical 
advisor to the Inspection Department, he becomes responsible for 
setting standards of acceptance on incoming raw material, and 
carries out tensile, impact and hardness check tests on such 
material. He keeps a close watch on heat treatment and is 
expected to investigate reasons for failure of parts to develop 
mechanical strength, hardness, or the correct depth of case. In 
the particular organisation of which I am a member he is responsible 
for the maintenance of pyrometers and all temperature measuring 
equipment. He also controls X-ray plant and sand testing in the 


Standards of acceptance on finished parts are decided by the 
Production Metallurgist, and in this connection he controls methods 
for the detection of surface defects—for example, magnetic crack 


He is interested in plating processes and receives reports from 
the chemical department on the routine checks of and additions to 











THE METALLURGIST IN PRODUCTION FNGINEERING 


He watches over other metallurgical processes such as white- 
metalling, brazing, welding and deals with queries arising from 
these processes. 

The Production Metallurgist has to grapple with innumerable 
daily queries and problems, a big proportion of which he is able to 
deal with without other assistance. There are occasions of course 
when production problems arise of such an obscure nature that 
the whole of the metallurgical strength has to be called into play, 
the chemist, the physicist, the metallographist and the metallurgical 
engineer. The Production Metallurgist is indeed fortunate if he 
is able to call on such help to assist him in solving his problems. 


IMPORTANCE OF THE My paper so far has been devoted mainly to 
METALLURGIST what might be called metallurgical laboratory 
organisation, intermixed with a few special details of procedure. 
The engineer might be disposed to say—‘ Yes, we know something 
about metallurgical control of our processes, what has the metallur- 
gist really produced of outstanding importance ?” 

Well, the simplest and most direct answer to that is that 
engineering would not exist at all if it were not for the metallurgist, 
and of all metallurgical developments the production of iron and 
steel in quantity ranks as one of the most important, if not the 
all-important, contribution to the progress of engineering. 

The original method of extracting iron from its ores consisted 
roughly of heating together iron ore and charcoal. From this a 
tough, porous, pasty mass of iron was produced, which was after- 
wards hammered into a compact mass during which operation 
slag and other impurities were ejected. Later, when furnace 
designs improved and mechanically produced forced draught took 
the place of natural draught or man-made draught, higher 
temperatures were produced and some of the first cast iron came 
into being. The cast iron was a mixed blessing. In some ways 
it was welcomed as being a new metal which could be cast into 
convenient shapes. To make iron from it, however, a process of 
decarburisation had to be used before it would respond to working 
under the hammer. Much experimental work went on around 
1700-1800 in an effort to find ways of producing iron and steel in 
reasonable quantities, but it was left to Bessemer really to tackle 
the problem in a big way and the introduction of the Bessemer 
converter made possible the production of steel in tons where 
before steel could only be produced in lb. 

The work on the converter was carried out around 1850, and 
from then on the art and science of making steel in big quantities 
has progressed with ever increasing tempo. 

The application of scientific research to ferrous materials has 
produced numerous valuable materials for the use of the engineer. 
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The first steels were of the straight carbon type, many of which 
still have their use today. Low and medium carbon structural 
steels are made in vast quantities for general engineering purposes. 
The higher carbon steels have their special application in the form 
of such parts as cutting implements and springs. 

The introduction of nickel and chromium widened the scope 
and application of steels, and high strengths with considerable 
toughness became possible. At the same time the metallurgist was 
forced to find materials to cut and machine the steels of improved 
properties. High carbon steels gave way to steels containing 
considerable proportions of tungsten, and the steels now generally 
grouped under the name High Speed Steel came into being. 

One of the greatest contributions to ferrous metallurgy occurred 
in 1914, when Brearley first discovered that if chromium was 
added to steel in sufficient quantity the corrosion resistance could 
be enormously increased. The early stainless steels of the 13% 
Chromium type were only the beginning of a vast range of stainless 
and heat resisting types of steel whose number still continues to 
grow, to such effect that the poor metallurgist’s brain reels at 
attempts to commit them to memory. 

Some of the modern highly alloyed steels are so rich in elements 
other than iron that one finds some difficulty in deciding whether 
they should continue to be designated ferrous materials. 

The ferrous metallurgist has made great studies in the production 
of magnet steels and among numerous other developments, mention 
should also be made of the low expansion alloys of the Invar type. 


DEVELOPMENTS IN Coming under the heading of ferrous metallurgy, 
CAST IRON some reference should also be made of develop- 
ments in cast iron. Earlier cast iron had tensile strengths of 
12/13 tons/sq. in. Modern methods of manufacture, particularly 
those producing the so-called nodular graphite, can offer the 
engineer tensile strengths up to 30 tons/sq. in. while retaining good 
bearing properties. 

Another very great metallurgical development has been the 
introduction of the cemented carbide materials, the most well 
known being that of the tungsten carbide type used for cutting 
tools. The increasing interest in powder metallurgy offers great 
scope for improvement in material for cutting purposes, although 
this is not the only possible line of enquiry: There is hope that 
powder methods may produce some outstanding material for high 
temperature application, and such components as turbine blades 
come to mind as being suitable for manufacture by these methods. 


ALUMINIUM AND On the non-ferrous side the greatest advances 
ITS ALLOYS have been made in aluminium and its alloys. 
The first big step forward came when Wilm in 1911 discovered 
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that aluminium alloys reacted to what we now call age-hardening, 
and the first high strength aluminium alloys were born. The 
earlier alloys of this type were called duralumin, and in fact this 
name is still with us today, used rather loosely to cover all alloysof high 
mechanical strength. Much progress has been made since those early 
days in aluminium alloy development, and whereas the earlier dura- 
lumin produced tensile strengths of 25 tons/sq. in. with 0-1°% proof 
strength values of 15 tons/sq. in., it is now possible to have alloys 
of a tensile strength of 32 tons/sq. in. and 0-1% proof of 28 tons/sq. 
in. The values quoted are minimum values in each case, and in 
actual fact it is not uncommon to obtain tensile figures nowadays 
approaching 40 tons/sq. in. One of the important process 
developments which have come with the advance in mechanical 
properties of aluminium alloys has been the production of duplex 
sheet. The high strength aluminium alloys have not such good 
corrosion resistance as pure aluminium. In an effort to combine 
the best tensile and corrosion resistance, it has been found possible 
to produce a composite sheet which has pure aluminium on the 
two surfaces and with high tensile material sandwiched between. 
Such material is used widely for the stressed skin of the modern 
aircraft. 

Time does not permit of a detailed reference to the many 
developments in the bronze field, but some reference should be 
made to the increasing use of the so-called lead bronze as a bearing 
metal. For some applications copper-lead alloys and bronzes 
containing lead have replaced the traditional white metals and 
phosphor bronze. The latter alloys have by no means been 
superseded, but a wider variety of bearing materials are now 
available to the engineer. 

Magnesium is a metal which has come into increasing use in 
the last few years. The prejudice against this metal from the point 
of view of corrosion and fire risk has gradually been broken down. 

Magnesium and its alloys can be protected against corrosion 
very effectually by surface treatments. A relatively new develop- 
ment has been the production of magnesium alloys of higher 
purity—that is almost completely free from iron and nickel. It 
has been found that if the iron and nickel contents can be kept 
sufficiently low, the corrosion resistance of magnesium is extra- 
ordinarily good. 

The fire risk with magnesium remains, but the risk is not really 
serious ; in fact it is extremely difficult to burn a piece of magnesium 
in any form other than powder or thin sheet. 


ELECTRICAL Processes Of the many metallurgical processes which 


interest the engineer, electrodeposition for 
corrosion protection or ornamentation is one of the most important. 
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The introduction of chromium into the series of metals readily 
deposited has opened up a big field of usefulness for this metal. 
Chromium is also finding an increasing application for those cases 
where its combined wear and corrosion resistance are particularly 
suitable, i.e., for motor car cylinder blocks and liners and for 
building up worn parts. 

Among the other electrical processes mention should be made of 
the anodising of aluminium, the process which builds up the 
naturally resistant oxide skin on aluminium. The coating not 
only provides excellent corrosion resistance, but lends itself to 
impregnation by inorganic dyes so that attractive finishes can be 
produced. 


Of the many other metallurgical processes, I 
would select nitrogen hardening as being one 
of the most beneficial to the engineer. This process has many 
advantages over carbon case-hardening. The three main 
advantages are :— 

1. The component can be finish machined prior to 
nitrogen hardening. No quenching is required and 
distortion is negligible. 

2. The case does not soften until the temperature of 
reheating exceeds the original nitriding temperature 
(usually around 500° C.). 

3. The case of a nitrogen-hardened component is in a 
state of compressive stress, which results in the fatigue 
strength of the steel being increased markedly, particu- 
larly under conditions of stress concentration. 


NITROGEN HARDENING 


LOOKING AHEAD Having briefly dealt with some of the more recent 

achievements in the metallurgical field, what of the 
future? Well, the engineer is never satisfied with what the 
metallurgist gives him. In this world of keen commercial competi- 
tion, it is hardly to be expected that the engineer will ever say 
that he can manage “very nicely thank you” with existing 
materials and this is as it should be. Metallurgical research, 
however, is very like any other research. Progress is usually 
slow and laborious, with occasional bursts of brilliance such as the 
discovery of stainless steel or the age-hardening characteristics of 
certain alloys of aluminium. 

There are still enormous fields of enquiry. New metals such as 
titanium are exciting interest, but don’t expect too much from this 
metal for a few years yet. The development of alloys for high 
temperature service is proceeding apace, the advent of the turbine 
engine has promoted feverish research into new alloys, ceramics, 
and into mixtures of metals and non-metals. Out of this research 
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will emerge new material for high temperature application, and 
the failures may find application in other directions. 

Coming back with a bump to more immediate problems, you 
will have noted that I have studiously avoided any reference to 
that evergreen bane of the production engineer—machineability. 
Some attempts have already been made to deal with this problem. 
The earlier methods involving the raising of the sulphur content 
you will be well acquainted with. 


More recently considerable success has been achieved by the 
introduction into steel of a small quantity (about 0-25°%) of lead. 
In many ways this seems to be a better answer than that based on 
high sulphur. When properly made the lead in these steels 
appears to exist in such a fine state of dispersion that it cannot 
readily be detected with a microscope, so that the slag streaks 
usually associated with high sulphur are substantially absent. 


For most engineering applications leaded steels are perfectly 
satisfactory, but a warning should: be given regarding the necessity 
of adequate ventilation when welding steels of this class. 

The metallurgist is in the unfortunate position of trying to reach 
new heights in strength and hardness, greater resistance to 
corrosion and scaling, improved resistance to wear and abrasion, 
and yet he has to ensure that the material he produces can be 
machined and fabricated. 

This problem of fabrication will always be with us, and it is not 
going to get any less. 


THE WoRK oF PERA !¢ is for this reason that everyone, engineer and 

metallurgist alike, welcomes the programme of 
work being carried out by P.E.R.A. on machineability and 
formability. Both problems are extremely difficult to plan and 
to carry out. The problems are difficult because of the large 
number of variables, but from what I have seen of the programme, 
I feel that the work is being carried out in the right way. 

This is a good example of co-operation between metallurgist and 
engineer both working to a common end. 

In spite of what production engineers may think of the metal- 
lurgist, I can assure you that the good metallurgist in thinking up 
new materials or processes does and must have in view some 
thoughts on the ultimate method of fabrication, and it is a good 
thing for the metallurgist and engineer to make close contact at an 
early stage of any new material development. The work of the 
metallurgist and engineer is complementary and one can hardly 
exist without the other. 

In my talk tonight, I have deliberately avoided a detailed 
description of that aspect of metallurgical work which deals with 
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routine control. Much already has been written and said on this 
subject. I have talked a little about metallurgical methods and a 
little about metallurgical achievements, and I hope that what I 
have said will have increased and heightened your interest in 
metallurgy and the metallurgist. 
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~ MAGDEBURG 


D 30 
PRECISION LATHE 


For Accuracy & High Production 


on Turning, Boring & Facing Work 
Ample power, high speeds & fine feeds for full 


utilisation either of carbide or diamond tooling 


Swing over bed covers ..._ |/" 


* + cross slide ... 62” 


Distance between centres ... 20” (increased if required) 


Spindle speeds to |,500 or 3,000 r.p.m. (5 Alternative ranges) 


Equipped for Taper & Profile Turning 
and can be adapted for Fine Boring 
SOLE BRITISH AGENTS 


HICKS MACHINERY LTD 


108, Fulham Palace Road, Hammersmith, London, W.6 
Telephone : RiVerside 3303 & 4855 
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Combining the principles of slid- 
ing headstock and micrometrically 
adjustable tool holders, Petermann 
machines provide the most efficient 
means yet devised for producing 
rapidly, and to very close tolerances, 
an almost unlimited range of small 
component parts, the above ex- 
amples of which are representative, 
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Fully Automatic Cea 








Cylinder Block Washer 
with time cycle for wash 
and air blast cleans the 
complete block and all 
the small tapping holes, 
oil gallery, cam shaft and 
main bearings in three 
minutes. 











INDUSTRIAL WASHING MACHINES 
FOR ALL BRANCHES OF ENGINEERING 


The cleaning of all metal parts between machining operations and 
before assembly is completely mechanised. Eliminating hours of 
tedious and costly manual work and stepping up the rate of prod- 
uction. Dawson Metal Parts Cleaning Machines are supplied to 
suit every size and type of component from small washers to 
complete engines. 


4 
soe TDRUMMOND-ASQUITH (S2le3)tT 


DISTRIBU . King Edward Fr! Tel. Midland 3431. 











Head Office & Works: DAWSON BROS. LTD., Gomersal, Leeds 
Telephone: Cleckheaton 1080 (5 lines). 

London Works: 406, Roding Lane South, Woodford Green, Essex. 

Telephone: Wanstead 7777 (4 lines). 
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GRAISELEY HILL* WOLVERHAMPTON 
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AT 
THE ENGLISH STEEL 
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The English Steel Corporation 
Ltd., Sheffield, keep this 
PRECIMAX Model M.P.H. 
10/16 machine fully employed 
on the grinding of torsion bars 
up to 57 ins. long. The bars 
are ground to a high standard 
of finish over the entire length 
and good rates of output are 
maintained at low cost. 


2 


\ 


We shall be pleased to place 
our wide experience at your 
disposal on any problems 
connected with finishing by 
grinding or fine boring. Get 
in touch with us. 
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: JOHN LUND LTD., cROSSHILLs, KEIGHLEY, YORKS 
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The bore of a sapphire ring jewel 


must be a blended series of curves 





having a highly polished surface. This 
polish is produced with Diadust. The 


latter in paste form is fed on to a 
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bowed wire. The jewel and the wire | 
revolve at high speed in opposite 


directions. 
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Hand fed bar-end heater 















High frequency induction heating for bars, 





| billets or other regular stock, offers... Maogozine-fed billet heater 
: ultra-rapid heating . . . virtual elimination 

. of scale .. . uniformity of temperature... 

| constant rate of production . . . cool, clean 

: working conditions . . . minimum floor 

1 Space . . .. instant starting, without 

ane warming up. 


Birlec induction heaters are designed to 
} suit the job and may be hand-fed or 





automatic. Operating costs are low and 


Automatic bolt-stock heater 


reliability is excellent. Have you considered 
induction heating for your work? BIRLEC Li M ITED 
ERDINGTON - BIRMINGHAM 24 


Send for Catalogues Nos. 68 and 75. Telephone: EAST 1471 (9 lines) 


Telegrams: Birlec, Phone, B'ham 
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COMPRESSED AlR 


will give you “extra hands”’ | 


Hand operations may set the speed 
of a machine’s output, a limiting 
factor so often unnecessary. With a 
Schrader Ejection Set fitted, com- 
pressed air is used to eject small 
parts much more efficiently than will 
an operator’s fingers. The air blast 
is synchronised with the cycle of 
operations of the machine giving 
maximum efficiency without waste 
of air. Schrader equipment gives you 
“extra hands” from your air line. 

















Schrader 


AIR CONTROL EQUIPMENT | 


To A. SCHRADER’S SON (Division of 
Scovill Manufacturing Co.) 829 TYBURN 
RD., ERDINGTON, BIRMINGHAM, 24 


Please send details of Schrader Ejection 
Sets and Air Control Equipment. 











SEND FOR DETAILS TODAY 
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After years of intensive research, Hoover 
Limited offer an entirely new range of 
F.H.P. Motors to challenge existing 
standards of “ fractional ’’ performance, 
construction and design. 

Only the latest developments which 
actual experience of modern “‘fractional”’ 
applications has proved to be most 
practical have been included. 

The result has been a unanimous 
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acceptance of the new motor by all 
sections of industry. Evidence of this is 
provided by an immense demand from 
manufacturers who require the new 
motor for inclusion in a wide variety 
of products. 

Hoover Limited also offer a 5-point 
Service Plan. It provides full facilities 
for both service and advice at a factory 
or workshop anywhere in the country. 
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MekKeehnie in miniature 


The overall diameter of some of these Morganite Potentiometers 
is just over an inch, so that it is essential for the brass and 
bronze parts made from McKechnie extruded rod to keep 
their place and get on with the job quietly. We sell rather 
more tonnage when a bank has a new grille or when a few 
more main line expresses are built, but we are just as proud 
of the big things that are done in small compass. Microscope 
Makers and Marine Engineers, please note. 


BRASS & BRONZE 
EXTRUSIONS & STAMPINGS 


McKECHNIE BROTHERS LIMITED. 


Metal Works: Rotton Park Street, Birmingham, 16. 
Branch Offices: London, Leeds, Manchester, Newcastle-on-Tyne. 
Copper Sulphate and Lithopone Works: Widnes, Lancs. 
South African Works: McKechnie Brothers S.A. (Pty.) Ltd., 
P.O. Box No. 382, Germiston, S.A, 
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Model 0-41-2. For use on pro- 
duction machines wholly or 
partially powered by air. Metal 
bowl types available for extra- 
roughworking conditions ; visible 
oil-feed; simple to install or 
disassemble—in-line pipe con- 
nections. 


FOR TOP-LINE 
PERFORMANCE 


from air-operated tools, exceptionally 
thorough lubrication is of vital impor- 
tance. Norgren lubricators—clean, 
compact and completely automatic, 
provide an accurately-controlled air- 
borne oil-fog which reaches every 
internal part of air equipment, sub- 
stantially reducing wear and tear, and 
cutting maintenance costs to a minimum. 


Norgren equipment. includes regulator 
units, lubro-control units . . . in fact, 
everything you need for highest perfor- 
mance from compressed air. 


Write for fully illustrated, 
detailed literature. 





Replaceable Bowl Lubricators 
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C. A. NORGREN LTD.. SHIPSTON-ON-STOUR, WARWICKSHIRE. Phone : Shipston-on-Stour 106 and 110 


London Office: KENT HOUSE, 87, REGENT STREET, LONDON, W.1. Phone: REGent 2951 and 1108 
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SPECIAL PURPOSE MACHINES 
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Up-to-date shops specially laid out and 
equipped for — on a production 
basis, every type of precision grouné 
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jigs and fixtures of all kinds, press tools, moulds 
and special purpose machines. Highest clas 
workmanship and accuracy guaranteed. 


G.P.A. TOOLS & GAUGES LIMITED 
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SPACED FLUTES 


BARBER - COLMAN 











combination 
sharpening 
machine 10 BETTER FINISHES 


CONTROLS FLUTE SPACING 
AND LEAD OF HELIX 






REPRODUCES DESIRED 
CUTTING 
AND RELIEF CLEARANCES 












HANDLES SHORT LEADS 
AND. SMALL DIAMETERS 







od 
al 


For controlled sharpening 
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BARBER & COLMAN LTD., 


MARSLAND RD. BROOKLANDS, MANCHESTER, 
Telephone: ... Sale 2277 (3 lines) 
Telegrams: ... ... “Barcol’’, Sale. 





CONTROLS DIAMETER 
SIZE AND PROFILE 
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QONT EXPORT RUSTE SCALE 


—_ \ is 


ii f t\ \ % . te, i. 
ELECTROLYTE WORKS. 9a LADBROKE GROVE. LONDON, Vl 
PHONE: PARK 6564-6969 # GRAMS: SUNANTIOOR PHONE,LONDO® 


WRITE FOR 
SPECIALISTS IN 








ILLUSTRATED LITERATURE 
INTERMEDIATE METAL PROCESSING 
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*NO Wasted Minutes... ; 
WITH THE D 
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D Model TAR. 64. Pre 0 
x *,Bar and chuck mets on . A a & X X 
]} same work spindle. SIN (Swis, Bui) D 
 * Accelerator reduces non-productive GLE 5p . 
]} time to absolute minimum, standard _ 4 Ur INDLE D 
y camming Saas possible for a wide M A Tie : 
range 0} E 

D * Single point turning, parallel, taper or profile, D 
performed simultaneously if required. D 
& May we supply full data? ¥ 
0 D 
) * Another SWISS MACHINE TOOL D 
; Without IMPORT LICENCE! 

Ii! 






GREYCOAT HOUSE 
GREYCOAT ST 


orem, ACCURATOOL SOWEST LONDON 





WESTMINSTER 
LONDON S.w.!. 
Prone: VICTORIA 1635 ( Suines) 







Rathbone 
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THE COSSOR DOUBLE BEAM OSCILLOGRAPHS 





Here are some details 

of Model 1049 as 
illustrated: 

The Double Beam Tube pre- 
sents two simultaneous inde- 
pendent traces over the full 
diameter of a 90 mm. screen 
and provision is made for the 
measurement of both input 
voltage and time upon the 
calibrated dials of the Instru- 
ment. The Oscillograph is 
particularly suitable for ob- 
taining. permanent photo- 
graphic records using the 
Camera Model 1428, for 
which a Motor Drive Attach- 
ment, Model 1429, is available. 











Can this 
Instrument 
solve a 
problem 
for you? 


Widely different industries are daily finding 
new uses for the COSSOR Double Beam 
Oscillograph. Sometimes it provides the 
answer to an industrial problem of long 
standing. The tracing and measurement of 
noise, strain and vibration are typical everyday 
applications of this versatile instrument which 
is already helping engineers in industries as 
far apart as brewing and the manufacture of 
jet engines. Call on our technical advisory 
staff if you have a problem. They will quickly 
let you know whether the Oscillograph can 
help you. 


COSSOR 


Double Beam OSCILLOGRAPHS 


Please address enquiries to: 
A. C. COSSOR LTD., INSTRUMENT DIVISION (DEPT. T), HIGHBURY GROVE, LONDON, N.5. 
Telephone: CANonbury 1234 (30 lines). Ci.21 
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e VENSILE — STRENGTH 


aS = 





y 

h 

. An obvious advantage of MAZAK for the pressure die-casting of 

f | stressed components is its high tensile strength (18:5 tons per 
square inch.) 

The basis of MAZAK is “Crown. . 
Special” Zinc of 99.99+% purity 
which is one of the purest metals 
commercially available. 

IMPERIAL SMELTING CORPORATION (SALES) LTD 


37 DOVER STREET, LONDON, w.!t 
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But it’s true! 


€ 
Antisep 
ALL-PURPOSE BASE 
is an entirely new departure. 
Miscible with water, it will cover 
practically all metal-cutting opera- 
tions for which a neat oil is normally 
used—even for Automatics. 
Descriptive booklet available on request. 


“Vaughan 


€ Co Ltd. 
Over 50 years’ leadership in service to the Metal-working Industry 
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CHOICE 


The L.N. 40 Press illustrated here is a 
most useful machine for general purposes, 
and affords extreme facility for the 
piercing etc, of large area work, as it is 
designed togive full load without tie-bars. 
Made both geared and ungeared, this 
model exerts 40 tons pressure near 
bottom of stroke, and is only one of the 
many fine presses selected at random 
from the H.M.E. comprehensive range. 


Our Technical Representative will be pleased to dis- 
cuss this and other machines from our extensive range. 


Write for catalogue. 






‘(1a yours FOR 
THE ASKING 









$e 
e 





x 
2 





HORDERN, MASON & EDWARDS LTD. 
PYPE HAYES - BIRMINGHAM, 24. 
Phone: ASHfield 1104 (7 lines). Grams: “Aitchemmee” B’ham. 


London Office: 4, Vernon Place, Southampton Row, : 
W.C.1. Telephone: HOLborn 1324. 


Showing at 8B.I.F. Castle Bromwich, Stand—D 500. . es | 
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DAN DWARF ASKS —— 


Most employers would answer 
this question with an emphatic 
affirmative. Conditions have 
vastly improved since the days 
of cut-throat competition and 
sweated labour. Social welfare, 
sickroom facilities, and joint 
production committees are now 
common. But the model 
employer had these facilities long before they 
became general. ‘He knows that he gets more 
production out of healthy workers, so he is 
constantly receptive to new ideas and equip- 
ment which will further this end. Attachments 
such as the Spenstead Dwarf Dust Collecting 
Unit, for instance, which when coupled to a 
grinding machine absorbs all the flying particles 
of dust before they can settle on the 
operator’s throat and Jungs 
He doesn’t wait 
until he is com 
pelled to comply 
with Factory 
Regulations, but 
installs them for 
the benefit of his qwors oof 
workers now. jection getails dels- 
r mo 
Sene iad lare® 
this an 


Spencer & Halstead Ltd 
HEAD OFFICE: BRIDGE WORKS, OSSETT, YORKS. Tel. 353 


Birmine! 
Manchester T 
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JUNIOR | 7" CENTRE LATHE 


The NEW WOODHOUSE & MITCHELL 
70 Junior has been developed to provide 
arobust 7” centre lathe suitable for 
production or for general machine shop 


INVERTED VEE AND FLAT service. Simple and straightforward in 
GUIDES design, this lathe has become popular 
because of its easy —, and 

maintenance. There is a chcice of two 

2) DIAGONALLY BRACED BED types of feed box, either Norton quick- 
SINGLE LEVER SELECTION OF — 2 a! pe type. The 4 
SLIDING AND SURFACING FEEDS ee a ee 
s separate vee guides to saddle and tailstock 

TENSION MOUNTED LEAD are points which deserve emphasis. 
SCREW WITH BALL THRUSTS Briefly, the 70 Junior is worthy ofa 
HEAT TREATED NICKEL STEEL place in any machine shop where 
GEARS ON MULTI-SPLINED economy of operation, accuracy and 
SHAFTS reliability are primary considerations. 


MERCHANTS SUPPLIED 
Complete specification on request 


WOODHOUSE € MITCHELL 


PROPRIETORS THO WwW. WARD LTD 


ae | LED _ oid : evetsieprebeesbet: oma 


LEPHONE: BRIGHOUSE 627 WOODHOUSE 
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ANGULAR HEAD GRINDER 


The Newall Angular Head Grinder has been developed for use on components where it is 
necessary to obtain a super finish on a diameter and a face. The face, instead of being 
ground with a narrow lip formed on the side of the wheel, is finished with the actual 
periphery of the wheel, the wheel at 45° to the centres of the machine. 


The inheret precision of Newall grinders—such as the machine described here—speeds 
production and eases the lot of management and worker alike. 


May we supply full data on this Interesting newcomer ? 


Newall Precision 
Speeds Production . 


NEWALL GROUP SALES LTD. 


PETERBOROUGH 


Sole agents for the Midland Area, Stanley Howard Ltd., 
75-76 Exchange Buildings, Stephenson Place, Birmingham, 2 
Sole a: for Scotland, Drummond-Asquith Ltd., 

175, West George Street, Glasgow C.2. 
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CARBIFINE FACING CUTTERS 


TEETH TIPPED WITH ARDOLOY 


} it is 
eing 
ictual 
eeds 


For light and finishing cuts on cast iron and 
non-ferrous materials; not intended for mach- 
ining steel. 


Designed for machining interrupted surfaces 
with a high degree of finish at fast feeds. A 
: large number of teeth ensure smooth cutting 
= with light tooth load. 





The cutting blades are held rigidly and are 
easily removed. 


Sizes in stock: 3”, 4”,5”,6”,7”, 8”, 9”, 10”, 12”. 


Tipped with Ardoloy grade IA. 179. 


ALFRED HERBERT LTD COVENTRY 
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Centre Lathes, Surfacing & Boring Lathes, Tool Room Lathes. 
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FOR HARDENED STEEL 


BROCK KEN TAPS 


SIMPLY 
DRILL 
OUT 


SLid TOOL » 


-DELORO STELLITE drills have been specially developed for ae 
drilling steels harder than Rockwell C.51, Brinell 500 or 
Vickers 560, Send for leaflet B.19. 


)1ud ° 


DELORO STELLITE LIMITED, HIGHLANDS ROAD, SHIRLEY 


a TELEPHONE ; TELEGRAMS + 
SOLIHULL 7254/6 BIRMINGHAM _... STELLITE, BIRMINGHAM 


See our exhibit stand D 402, B.I.F. 1951, Castle Bromwich. 
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ZING ALLOY 


DIE casTiINe makes a difference! 


Difference to what? The inset photo- 
graph shows an assembly of six zinc alloy 
die castings; below it is a sketch of the 
old model using iron, brass and gun metal 
castings. They look much the same, but 
which would you rather buy? 


When the makers of the addressing 
machine adopted zinc alloy for the plate 
holding mechanism, they exchanged 35 
machining operations for five in one 
component alone — with a cost reduction 
of 75 per cent! The other five die castings 
each effected savings of 25-50 per cent. 
In addition, the exact dimensions of the 
die castings made assembly easier, and 
their fine surface has smartened the 
product. 


ZING ALLOY 


LINCOLN 


Some facts about zinc alloy die casting 
Speed of production is an outstanding feature 
of the die casting process—the shortest 
distance between raw material and finished 
product. Zinc alloys are the most widely used 
of all metals for die casting because they yield 
castings with the following qualities : 
ACCURACY : Castings can be made practically 
to finished dimensions and need little or no 
machining. 

STRENGTH: Good mechanical properties for 
stressed corhponents. 

STABILITY: Close tolerances are maintained 
throughout the life of the casting. 


British Standard 1004 
It is essential that alloys conforming to 
B.S.1004 should be specified for all applications. 


The Association welcomes enquiries about the use 
of zinc alloy die castings. Publications and a list 
of Members are available on request. 


DIE CASTERS ASSOCIATION 


HOUSE, 


TURL ST.; OXFORD 
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CENTRE 
LATHES 
‘S’ Series 


screw pitches. 15” to 20” Swing over bed 


- Quick Change gear box giving 240 


. British/Metric threads without trans- 
position of change wheels. 


cutting techniques 
. Thirty Spindie speeds. Single lever & q 
control (pre-selector optional). 


. Flexible Chatter-free drive for finish- 
ing speeds. 


ales 7 STHES 
ardened and ground gears For early delivery 


iy 4 ines 


For all modern 


) lull technical data on request from the Sole British Agents : 


W.E. SYKES LTD 


STAINES - MIDDLESEX - ENGLAND ~- Tel: Staines 978/9. Grams: 


: “Sykutter, Staines” 
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As manufacturers of Alloy Steels 
for High Duty Firth Brown’s 
contribution to industry is world 
wide, whether it be steels for 
engineering, shipbuilding, auto- 
mobile, aircraft, road and rail 
transport or for the most minute 
mechanisms of the precision 
engineering industries. The 
illustration shows Cast Steel 
Pilger Rolls manufactured from 
Firth Brown’s Special Quality of 
Steel combining wear hardness 
with great shock resistance. 


LIST OF PRODUCTS 


Forgings—Light and Heavy, 
for special and general 
engineering. 


Forged Steel Drums, and 
Pressure Vessels. 


Hardened Steel Rolls. 


Carbon and Alloy Steel 
Bars and Billets. 


Tyres and laminated 
Springs. 


High Speed and Tool and 
Die Steels. 


Steel Castings. 
Write for the Firth Browa 


Buyers’ Guide for further 
particulars. 





NS \N 
WA 





1837-1951 
EXPERIENCE & DEVELOPMENT 
IN HIGHEST QUALITY STEELS 
OF ALL GRADES 











THOS. FIRTH & JOHN BROWN LTD., SHEFFIELD. 
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WATTS 


ENGINEERS’ CLINOMETER 


Accuracies up to 3 seconds 


Write for List J.P.E./25 


HILGER & WATTS LIMITED 


WATTS DIVISION 
48, Addington Sq., London, S.E.5. 


Members of the Export Marketing Company B.E.S.T.E.C. 
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/ WHEN you need 
Press Tools or Jigs, 
Fixtures or special 
purpose machines — 
remember, High Speed 
Service means what 
it says — precisely ! 
Write or phone 
for us to call. 




















This 9 swing precision 
lathe possesses quick change 
gear-box and full power 
traverse. An ideal machine 
for general use where 
accuracy is an_ essential. 
Test certificates supplied 
with each model. May we 
supply full data on the 
“SABEL” lathe? 











SMART & BROWN Machine Tools’ LTD. 
24.25. MANCHESTER SQUARE LONDON WI 


WORK 


Rathbone 
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MACADIE 


COIL WINDERS 





mi “Cc ss The large illustration depicts the im- 
be proved “ Douglas’’ Fully Automatic 
Multi-Winder, specially developed for 
the high-speed production of large 
quantities of coils with or without 
paper interleaving. It will produce 
round, square or rectangular coils up 
to 6” each in length and up to 44” dia- 
meter. As many as 12 smaller coils 


can be wound simultaneously within 





the total available winding length of 
12 inches, at headstock speeds of 
between 600 and 2,000 r.p.m. 


Twenty-seven different Coil Winders and 
Taping Machines are illustrated in our new 
Catalogue, a copy of which will be sent 
to interested i on licati 


PP 











——s 





THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD. 
Winder House, Douglas Street, London, S.W.r. Telephone: VICtoria 3404-9 





C2. 
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For High Quality Castings 


Model 10c 


DIE- 
CASTING 
MACHINE 





Brief details of specification :- 





Capacity... ... 8} Ibs. (in Aluminium) We have pleasure in introducing a new British-designed 
Plunger diameters ... ... ... ... 1} to 39 ins. and British-built Cold Chamber Die-Casting Machine. 
Pressure on material ... 6,150-23,000 lbs. sq. in. The machine is self-contained, hydraulically operated, 
Locking pressure ... ... ... «+ ++ 450 toms suitable for hand or semi-automatic operation. The mach- 
Platen dimensions ... ... «. 354 x 35 ins. ine is also fitted with hydraulic ejection and provision is 
Maximum die space... ... .-» «+ 25 ims. made for automatic interlocking core-pulling. 


Please ask for full particulars explaining the many interesting features of this machine. 


The PROJECTILE & ENGINEERING Co. Ltd. 


macwigehone: 2, ACRE STREET, LONDON, S.W.8. ripen s 


Profectus, Claproad, London. 




















Just published PRODUCTION 
ENGINEERING 


Volume 1 






| A.M.L.Mech.E., M.LProd.E., A.M.LLA. 
| Senior Lecturer in Production Engineering, 
Coventry Technical College 


ENGLISH UNIVERSITIES PRESS LTD 


18/- net 














42 St. Paul’s House, Warwick Square, London, E.C.4 








a 2. 
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Sole Selling Agents for 
Great Britain and Ireland : 
Alfred Herbert, Ltd., 
Coventry. 
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A CENTRELESS ENCYCLOPEDIA 


Production engineers interested In accuracy 
of finish at a low cost will find in the recently 
issued Vol. 2 of * Centreless Grinding” full 
particulars of the many types of full-automatic 
operation which have been developed during 
the last four years as well as a wealth of data 
relating to proved and tried practice. It is 
obtainable upon application to the makers. 





ARTHUR SCRIVENER, LTD., BIRMINGHAM, 24 


Telephone : ERDington 2274 Telegrams : ** Machintool ” 
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HARA 


GROUND i & CUT, THREAD ys & DIES. . GAUGES 
jj 


Cg 


‘ 
g r% 


sd» if you have not yet re- 
ceived details of HARRIS 
WIMET TUNGSTE 


JOHN HARRIS TOOLS LTD., WARWICK [React 


Gauges send ‘for 


phone: 741 (4 lines) leaflet B/M 


Unskilled labour 
may be safely em- 
ployed to check 
rapidly and with ab- 


solute accuracy the 


profile, dimensions 
and tolerances of 
small machined 
parts on the Newton 


Profile Projector. 


Completely ob- 
viates the necessity 
for complicated and 
costly gauges and 
reliance on the 
**sense of touch” de- 
manded by their use. 


Daylight Operation. 








Dept. M.19 NEWTON & CO., LTD., 72 Wigmore Street, London, W.1. 
(Associated with Metropolitan- Vickers Electrical Co. Ltd.) 















Lid.) 
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EX STOCK DELIVERIES OF REGULAR LINES 


TWIST DRILLS 
MILLING CUTTERS 
Le Se 
SOCKET SCREWS 
TAPS AND DIES 
SLITTING SAWS 
SIDE CHIP SAWS 
SANDING DISCS 
HACK SAW BLADES 
TOOL | 
LATHE TOOLS 
no on 
SLEEVES AND SOCKETS 
ADJUSTABLE REAMERS 
LATHE CHUCKS 
sn Oe a GO SS 
> ee ee Ye 
DRILL CHUCKS 
MACHINE VICES 
REYOLVING CENTRES 





STOCKISTS OF “DORMER”, ‘“€E.S.C.—V.A.P.”, “CARDINAL”, 
*QUALCUT”, “DOUBLE-MUSHET”, “GOLDEN ARROW”, 
“SPEEDICUT”, “CAPITOL”, “WARRIOR”, “WHIRLWIND”, 
“UNBRAKO”, “ARCHER”, “JACOB”, “ECLIPSE”, “DING DONG”, 
“TOLEDO ”, .ETC. 


MONKS ECRANELTD 


THE TWIST DRILL SPECIALISTS 
sauce: STANHOPE ST., BIRMINGHAM, 12 


Telephone : CALTHORPE 3177 (3 LINES) Telegrams : EMANCEE, BIRMINGHAM 


LONDON orrice: 295, EUSTON ROAD, LONDON, N.W.1 
Telephone : EUSTON 531! (3 LINES) Telegrams : EMANCEE, LONDON 








Step up 
Production 
with 
VAUGHAN 


TR le: GEARED 
Pulley 
Blocks. 
1 14,2,3,5 TON SIZES 


Available for 
DISPATCH 
IN 10 DAYS 


from receipt of order 
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e Type A 47 


They're 
LIGHTER 


STRONGER 
to withstand hard wear 

CHEAPE 

VAUGHAN 
Cranes, Runways and 


Pulley Blocks are 


Ring 
EAST 1473 








The 

toughness . e 
of Cutanit 

is a sign of the 
progress made in 
Cemented Carbides 
The toughest Cutanit grade - SW 
is used for :- Percussive Rock Drills 


File Cutters 
Swaging Hammers 


it may meet your needs 


S\) 


TRADE MARK 


CEMENTED CARBIDE 


WILLIAM JESSOP & SONS 


J. J aville & Co 


Ltd 


LTD 














Standerd tools immediately trom stock 


BRIGHTSIDE 


WORKS 


SHEFFIELD 


Triumph Steel Works. Sheffield 
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LATHES 
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dership pa 
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SWIFT LATHES are built as both Centre Lathes and Surfacing and 
Boring |.athes, and — from 17in. swing to 72in. swing, with any lengtb 
desired between centres. 

SWIFT SUMMERSKILL PLANING MACHINES are built from 
2{t. Oin. square up to 6ft. Oin. square, of any length of table up to 40ft.0in., 
of both Double Column and and Opensid ide types, with either all Electric or 
teversing Two Belt Drive. Special All Hiectric Feed Motion, 


GEQ. SWIFT & SON LTD. 


CLAREMONT WORKS - HALIFAX + ENGLAND 


4 
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A survey of “Electro . 
amic”’ Equipment pr 
reveals its sterling qualiti 
and outstanding advantag 


Beconnatsiance. 7 










Here for example is a Hi 
Frequency Inductor Mot 
Alternator, precision bj 
providing for “ at a glance 
inspection and producing 
wave form as near sinusoi 
as possible. D.C. in 
Output 500 cycles. 
phase 8kVA. Equally 
licable to Radio, Marine 
Engineering requirement, 


wm 


Let us send you details q 
quote against your spee 
fication. 


Zi quinn 
Yo 
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COMPANY LIMITED 
C] Head Office and Works: ST. MARY CRAY +: KENT 
Phone: ORPINGTON 2560-3 
CONTROL GEAR WORKS: BRIDGWATER SOMERSET 
Manchester Office: 
16/18 Russell Street, Manchester, |. - Phone Ardwick 2672 
Also at Glasgow and Wolverhampton 

















There are | 


WILD-BARFIELD ELECTRIC FURNACES | 






* 
The illustration shows Modei TKT 1010 Forced Air ff pies 
Circulation Furnace. Designed for prebeating, \( RARFIELD } 
secondary hardening, tcmpering,anncaling and nitriding (Ray 


WILD-BARFIELD ELECTRIC FURNACES LTD. 
ELECFURN WORKS, WATFORD BY-PASS, WATFORD, HERTS. 
Telephone : WATFORD 6094 (4 lines) Telegrams & Cables: ELECFURN, WATFORD 











—d 


M.W, 302 


| 
for all heat-treatment purposes { 
| 


: 
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ur spec 











— or 








JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS LVii 











Each cleaning problem studied individually 









Bre 
INDUSTRIAL 


CLEANING 
MACHINES 


This illustration shows 
a machine cleaning 
crank cases in the pro- 
duction line. 

It is equally capable of 
cleaning small parts in 








baskets. 
hs _ 











Photographs by courtesy of “Machinery.” 


Sole Agents for Great Britain : 
GEO. H. HALES MACHINE TOOL CO. LTD., Victor House, 1, Baker St., LONDON, W.1 


Designed and manufactured by : 
BRATBY & HINCHLIFFE LTD., SANDFORD STREET, ANCOATS, MANCHESTER 4 
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FOR RELIABLE METAL CASTINGS 
SPECIFY 





REGISTERED TRADE MARK 


The Technically Controlled Castings Group 
18 ADAM STREET, LONDON, W.C.2. 


LAKE & ELLIOT, LTD, BRAINTREE * SHOTTON BROS., LTD., OLDBURY 
$. RUSSELL & SONS, LTD., LEICESTER - HENRY WALLWORK & CO.,LTD , MANCHESTER 
JOHN WIiLUAMS & SONS (CARDIFF) LTD 

















| 
| 


| 
| 
| 
| 
| 









Pr \SPEANC 


HY DRACLAM EP 





+ 
— 4 ‘f 9 
ed see . 


Holds an object at any desired angle allowing the operator complete freedom of both 
hands and complete accessibility to any part. The object is rigidly held by hydraulic 
pressure which can be instantly released to allow movement to any fresh position. 


We have studied the problem of quick-release adaptors for use with the ““Hydraclamp” 
on the production line. We make a variety as standard but will always design specially 


| if required. Catalogue on request. 





ER FRAAKLIA LTD. 


pay 
ae | 297 HIGH HOLBORN LONDON WC! 7éi HOLCRORA 14307 
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GOOG variations 





of one machine! 


The unique design of the Cincinnati 
Vertical Hydro-Tel permits it to be 
constructed in four variations from the 
basic machine. 1. As a General Pur- 
pose Milling Machine. 'This is the basic 
machine with hand and power feeds 
fitted to table and cross-slide and 
hand feed to vertical spindle carrier as 
standard. Power feed is available for 
the latter when required. 2. Die 
Sinking Machine with Automatic 
Depth Control giving Automatic trac- 
ing mechanism as a die-sinker, but can 





CINCINNATI 


still be used as a general purpose 
vertical miller. 3. Automatic 360° 
Profiling Machine. A _ completely 
automatic machine, the table and 
cross slide movements being entirely 
controlled by the profiling mechanism. 
4. In this variation both the Die Sink- 
ing attachment with Automatic Depth 
Control and the Automatic 360° Pro- 
filing equipment are added to the basic 
General Purpose Milling Machine. 
Details of these unique multi-purpose 
machines are available on request. 





e e e VERTICAL HYDRO-TEL ¢ © © © © © @© © @ « 
MILLING MACHINES 


CINCINNATI MILLING MACHINES LIMITED, BIRMINGHAM, 24 


Sales Representatives for the British Isles : 


Charles Churchill & Co. Ltd., Coventry Road, South Yardley, Birmingham, 25 
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W. MARTIN WINN LTD. 
DARLASTON, S. STAFFS. 
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Our Works are organised to pro- 
duce all sizes of Bolts from 3" to 3", 
larger if necessary, 

Prompt deliveries for small or large 
Let us quote for your re- 


Phone: Darlaston 72-3-4 
Grams: “Accuracy” Darlaston 









blade for 
every purpose 


*‘KERAUNOS'’ Super H.S.S. Hacksaw Blades for hand- 
sawing hard and tough materials including nickel 
chrome steels; stainless, annealed tool steels; repeti- 
tion production handsawing; all power sawing. High 
output at minimum cost. ‘PAX’ Tungsten Steel 
Blades for general shop work by skilled men. ‘PAX 
FLEXTRA’ Springback Blades for semi-skilled operat- 
ives and for sawing where work cannot be held firmly 
‘PAX FLEXIBLE’ for use where saw is subject to 
rough handling. ‘PAX DOUBLE EDGE’ is the 
plumber’s and electrician’s blade. 




















acme i] SANDERSON BROTHERS 


Eee ||| AND NEWBOULD LIMITED 


Steel and Saw 








Makers 








suppliers: ATTERCLIFFE STEELWORKS, 


for 


SHEFFIELD 
170 years 
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ENGINEERS SMALL TOOLS 


| MILLING CUTTERS HOBS & FORM CUTTERS 


{/ 
REAMERS & DRILLS DRILL CHUCKS 


OIL & SUDS PUMPS . : ts MACHINE VICES 








a 2, 





























: Cw 
Tape 
STANDARD AND SPECIAL TOOLS 
* CARDINAL” BLADED MILLING CUTTERS HIGH SPEED STEEL MILLING CUTTERS 
“CARDINAL” INSERTED BLADE FACING INCLUDING SIDE & FACE CUTTERS, FACING 


HEADS - “CARDINAL” DRILL CHUCKS 3 JAW 
‘ “ CARDINAL” RAPID SLIP DRILL CHUCKS 





CUTTERS, SHELL END MILLS, ANGLE CUTTERS, 










“CARDINAL” TAPPING ATTACHMENTS HOLLOW MILLS, GEAR CUTTERS, END MILLING 
**CARDINAL” GEAR PUMPS FOR SUDS & CUTTERS, HOBS & FORM CUTTERS * REAMERS 
OlL -* “CARDINAL” MACHINE VICES — SOLID & ADJUSTABLE -* TWIST DRILLS 
“CARDINAL” COUNTERBORING SETS COUNITERBORES, JIGS & FIXTURES 
| MANUFACTURING COMPANY LIMITED 
) WARWICK ROAD - GREET BIRMINGHAM II + Phone Victoria 2323 
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ROBERT RILEY LIMITED 


EST. | Telephone: Rochdale 2237 (4 lines) 
Milkstone Spring Works, Rochdale | 1821 


Telegrams: ‘Rilospring’ Rochdale 


FLAME HARDENERS 


L@P 
SHORTER WORKS BAILEY LANE SHEFFIELD. 


TEL SHEFF/ELD 2/627 
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High Output 


low capital 
cost.... 











The AJAX motorised pre- 
cision Utility Head is the 
handiest and least expensive 
machine tool. Used singly 
or in groups of two or more 
as special-purpose tools for 
multi-operation jobs, it 





handsomely surpasses * 
other methods and mach- 
ines with consistent results 
at low capital and running 
costs. The __ illustration 
shows the AJAX Utility 
Head in use as a “second 
operation” tool, chamfer- 
ting 17” O.D. by 1” I.D. 
washers in 7 seconds floor- 





Ye AJAX AJS UTILITY HEAD 
Motor drivenbyrotorand | 
stator unit 4 h.p. at 1425 
r.p.m. or 4 h.p. at 2800 
r.p.m.as required. Suit- 


abie for 400-440 volts 3ph. 


to-floor time. 


50 cycles. Height of motor centre: 44 ins. A 3 ins. dia. 3-jaw 
self-centring chuck is standard (4 ins. dia. chuck supplied 


ifrequired). Alternatively, can be supplied with lever-operated 





collet mechanism, to take work up to 1} ins. diameter. 


G6 AJAX )macuine roors 


AJAX MACHINE TOOL COMPANY LIMITED 
WEST MOUNT WORKS, HALIFAX, YORKS. 


PROPRIETORS: ADA (HALIFAX) LTD. 
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PU [TR A MICRO LATHES 


¢50mm.and 90mm. centre height. 
e Very wide range of accessories. 
e Ideal for turning, polishing, saw 
cutting, drilling, milling and 

grinding of small parts. 
e For speeds up to 12,000 r.p.m. 


ar i PTA 


Mancuestte® 
WRITE FOR CATALOGUE 


PRESS TOOLS 


MOULDS 


LID 


TRAMWAY PATH 
HAM 
REY 


Phone ; Mitcham 1624-5-6. 
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AIR COMPRESSORS 








We have standard types for all capacities 


and pressures and can supply the most 


efficient and reliable machine for any duty. 





REAVELL & CO. LTD. - IPSWICH 


Telegrams: “ Reavell, Ipswich.” Telephone Nos. 2124-5-6 
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SCRAP 
WANTED 


GOOD PRICES 


paid for all scrap Tungsten Carbide free of 
other metals, delivered to the address below. 


BOON & SON 


Harper Road Coventry 
Telephone: 2859 




















Prompt cash paid on delivery 











The 
Nature oft 


Management 
; T 
By H. R. Light, BSc. (Lond.)., F.C.L.S. This book is es 
one of particular value to those students taking “ The sc 
Nature of Management” paper in the Common Inter- tr 


mediate Examination in Management. It will also prove 
useful for Section C (Industrial Administration) of the 
Associate Membership Examination of the Institution of 
Mechanical Engineers, and Part III of the Associate 
Membership Examination of the Institute of Production 
Engineers. 12/6 net. 7] 


Anew Pitman Book 


Kingsway London, W.C.2. 
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The ‘VSG’ variable speed transmission gear is highly 9 
esteemed by leading engineers. The various advantages 
solve many transmission problems in a wide range of 
trades and industries. The“chief advantages are:— 
1. High torque at low speeds. 
2.;Quick yet SMOOTH acceleration combined 
with perfect control in either direction. 


3. Ability to “inch” rotate at very low speeds. Registered Trade Mark 
Manual, remote, automatic and sequence controls can HYDRAULIC 
. oo INFINITELY VARIABLE 
AM Enquiries SPEED TRANSMISSION 
VICKERS-ARMSTRONGS LTD 


VICKERS HOUSE, BROADWAY. LONDON. S.W.! Tel. ABBEY 7777 


VSG Dé 
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CHUCKS FOR MODERN HIGH 
SPEED DRILLING PRODUCTION 


“MARVEL & CARSHER’ 


DRILL CHUCKS 


are designed and constructed to 
stand up to modern drilling prac- 
tice. The external design is 
robust and serves as an efficient 
casing to protect the internal 
mechanism. The jaws are 
protected from d ge by the 
specially hardened boss or cap. 
The demand for this perfect 
chuck increases every year, evi- 





dence that the leading engineers 
appreciate its worth. 


FIVE SIZES FROM iin. TO gin. 


—_— aos K | - KEYLESS 


coo awe DRILL CHUCK 


CATALOGUE is a correctly desizned small size chuck work- 
5G ing on the same principle as the * Marvel” 
which ensures reliuble grip and ease of 
release. It has permanent concentricity and 

perfect balance tor high speed drilling. 


TWO SIZES: 0-}in., 0-3 in. 


TURRET STYLE “ Marvel” 
Shanks made solid from body giving short over- ARCHER 


hang for rigidity and alignment. 


Tools quickly changed by band without disturbing SMALL- TO HRS | 


chuck setting. 
Made in all capacities and various shank diameters 











CHIPPERS. 
Models for all 
classes of chip- 
ping, caulking, 
etc. Main and 
auxiliary valve 
systemeliminates 
vibration. Sensi- 
tive throttle. 


ROTOGRINDS. 
Smooth-running and 
quiet. Full range of 
precision grinding 
and heavy-duty 
types. Straight and 
grip handles avail- 
able. 





RIVETERS. For 
allriveting jobs. Main 
and auxiliary valve 
as in chippers. Force 
of blows easily con- 
trolled. Sensitive 
throttle. 


RAMMERS. 
Floor and _ bench 
types. Piston stroke 
adjusts itself auto- 
matically to height 
of material. Usual 
butts and peins 
supplied. 


ROTODRILLS _ include 
types suitable for every type 
of job; hand-held and close- 
quarter drills, screw- feed 
types and wood-boreis, ie- 
versible and ron-reversible. 
All compact, simple and 
lightweight tools. 


PAINT SCRAPER. 
New type, h gh-speed 
light-hitting stream- 
lined tool. Sensitive 
kver control. Chrome 


plated cylinder. 
Various scrapers, 
chisels and small 
rivet snaps supplied. 


IGHT work 


M AKING a 
FOR 


MANY HANDS 


' Do you regularly receive details of new Holman 














= 








— Pneumatic Tools? Let us put you on our mailing list. 


Labour-saving is a term that comes quickly to mind when 
speaking of Holman Pneumatic Tools — but what, in fact, does 
it mean? Making harder work for fewer hands—or easier work 
for an economic number of hands? Any Holman tool — from 
a rotogrind to a rammer — makes the job easier to do, simpler, 
faster, more efficient and more pleasant. Why? Because it is 
designed to be as light as possible in relation to power and pur- 
pose. Because it is simple to control. And because it does its 
job without trouble or fuss — always. 


BROS.LTD. 


CAMBORNE. ENGLAND 


TELEPHONE: CAMBORNE 2275 (7 LINES) TELEGRAMS: AIRDRILL, CAMBORNE 
SUBSIDIARY COMPANIES, BRANCHES AND AGENCIES THROUGHOUT THE WORLD 
H.B.7 
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